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FORWARD 


This report was prepared by The Cementation Company of America, 
Incorporated, 2439 W. Wetmore Road, Tucson, Arizona 85705 under U. S. 
Bureau of Mines Contract No. S0261023. The contract was initiated 
under the program for Advancing Mining Technology - Oil Shale Mining. 
It was administered under the technical direction of Denver Mining 
Research Center with Mr. Kenneth C. Cox acting as technical project 
officer. Mrs. Darlene Wilson was the contract administrator for the 
Bureau of Mines. This report is a summary of the work recently com- 
pleted as a part of this contract during the period November 13, 1975 
to March 13, 1976. This report was submitted by the authors March 31, 


1976. 
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U.S.B.M. OIL SHALE PILOT MINE 


Introduction 
The United States Bureau of Mines is carrying out a major research 
study to develop and demonstrate technology for mining the deep, thick 

Saline rich oil shale deposits of the Parachute Creek Member of the Green 

River Formation in the Piceance Creek Basin of Colorado. The Cementation 

Company of America has been commissioned to prepare an engineering study 

on the shaft construction and surface plant facilities for a Pilot Mine 

operation in the region of Horse Draw. The purpose of this study is to 
develop order of magnitude estimates of construction costs and time 
schedules so that the economic feasibility of the project may be deter- 
mined. 

The study is based on the following conditions: 

(i) The shaft is circular and 20 ft. in diameter, lined with concrete 
or reinforced concrete over the full depth. 

(ii) The shaft is vertical and will be used for production and service. 

(iii) The shaft is a downcast shaft. 

(iv) The main production level will be at the bottom of the Saline Zone 
which in this area is at approximate elevation 3926 ft. There 
will be two other production levels within the 910 ft. thick Saline 
Zone (Lower Zone). 

(v) The hoisting capacity, based on an available production time of 
19.5 hours per day, 3 shifts per day and a 6 day week, will be 
approximately 7,500 tons per day. 


(vi) The mine ventilation requirement is 500,000 cubic feet per minute. 


The majority of the information regarding geological and hydrological 
conditions relating specifically to this area has been taken from coreholes 


U.S.B.M. O1-A and U.S.B.M. 02-A. Appendix I lists the information supplied 
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to the Cementation Company. Further information was gathered by 
personal observation at the core showing of U.S.B.M. O1-A in Laramie 
on January 21, 1976, and at the drilling site of U.S.B.M. 02-A and 
by communication with U.S.B.M. and U.S.G.S. personnel involved in the 
Oil Shale Project. More general background information on the region 
has been obtained by private communication and from the published data. 
It is appreciated that further information relative to this study 
is being prepared at the present time, but at the time of preparation 
of this report, this data was not available. Therefore, the conclusions 
and recommendations made here have been based on that information that 
was available as listed in Appendix I. In particular, it has been nece- 
Sssary to make assumptions regarding the hydrological conditions existing 
in the area which play a significant role in determining the shaft sink- 
ing techniques and therefore costs. However, once more detailed informa- 
tion is made available, the assumptions can be reviewed and techniques 
and estimates amended if and as required. 
Topography and Surface Location 
The lower. regions of Horse Draw are to be found in Section 29, Gf 
Township 1S and Range o7W. See contour map, Fig. 1. This is located 
towards the center of the plateau which comprises the Piceance Creek 


region of Colorado. In general, the land surface slopes gently down- 


wards from the rim towards the central part of the plateau. Most of 


this central area is characterized by rough rolling hills. This is in 
contrast to the Southern rim which is deeply dissected and terminates 

in a very irregular line of spectacular precipitous cliffs. Elsewhere 
the rim of the plateau is more regular and less precipitous. The under- 
lying strata also generally slopes from the rim to the center and SO, 


at Horse Draw, being at the center of the basin, the deposits are mainly 
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10 
horizontal. 

The area is accessible by a paved highway which passes down the 
Valley of Piceance Creek. A dirt road extends about 3/4, mile up Horse 
Draw over a bridge over Piceance Creek to the drilling site of coreholes 
U.S.B.M. O1-A and U.S.B.M. O2-A. The load-carrying capacity of this 
bridge is not known, but it was capable of handling the large drilling 
rigs and therefore is very probably capable of handling all the shaft 
sinking contractors equipment. 

The proposed location of the shafts and mine site is shown on Fig. 
1. The shaft collar will be at elevation 6,340 feet. This is approx- 
imately 100 feet higher than the ground level elevation of coreholes 
U.S.B.M. O1-A and 02-A. This location was chosen, firstly so that the 
shaft would be well above the possible flood level of Horse Draw Creek 
in the Spring snow runoff. Secondly, it is very probable that the depth 
of the alluvium on the slopes is very much less than in the bottom of 
the valleys (viz +140 feet in corehole U.S.B.M. O1-A) and that the 
necessary levelling and grading of the site will expose the rock in the 
shaft area allowing the collar (headframe/hoist) foundations to be con- 
structed on rock. Thirdly, this is the largest, relatively flat area, at 
the lowest elevation which is available for the construction of a mine, 
i.e., it is not private land or the mineral rights are not already leased. 
Lastly, the location of the mine site is close to the proposed ore stock- 


pile area, thus keeping transportation costs to a minimun. 


Strata Conditions 


Geological and Hydrological Conditions 
The assumed strata conditions at the site of the shaft are given in 
Appendix II. It should be noted that depths are given relative to the 


proposed shaft collar location (6,340 feet) although the elevations of 
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different geological horizons are taken from corehole U.S.B.M. O1-A. 
Appendix III is the report by Cementation Research Limited of their 
study of the available geological and hydrological information. Depths 
are given relative to the ground level elevation at the collar of the 


corehole being referred to. 


Ground Treatment 


The hydrological situation is stated in the summary of the report 
from Cementation Research Limited (Appendix III) as follows: 
"To reach the ore deposits the shaft will have to pass 
through two major aquifers before entering competent 
rock at a depth of some 1500 feet. Apart from a 100 
feet thick 'barrier' zone at about 950-1050 feet depth 
the entire formation above 1500 feet must be regarded 
as potentially wet. We estimate a total water inflow 
to a 28 feet diameter excavation of between 10,000 and 
20,000 gallons/minute, with the main inflow zones 500- 
900 feet and 1050-1400 feet: The rock in these zones 
is generally weak and highly fractured and in the lower 


aquifer contains frequent collapsed "rubble zones". 


To sink a 'dry' shaft ground treatment will be required 
from about 200 feet to a depth of about 1500 feet. On 

the evidence available, and subject to a mumber of con- 
ditions, we believe that freezing is a more feasible 

means of ground treatment than grouting in the present 
instance. Grouting would necessarily be very extensive 

and somewhat unpredictable especially since ground strength- 


ening as well as water stopping will probably be required 
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in certain zones. A far more detailed "picture" of the 
formation is needed to design such an exercise. In-situ 
freezing and/or grouting trials are recommended prior to 


Shaft sinking." 


The conditions which should be met prior to Sinking the shaft 
using freezing techniques are outlined on Page 10 of Cementation Research 
Limited's report. The major problem which could influence the choice 
of freezing as the more satisfactory process of ground treatment is given 
as foliows: "It is generally considered that a ground water flow rate of 
some 3-5 feet/day is the maximum that can be tolerated for a successful 
freeze operation. More knowledge....is required before we can be certain 
on whether ground water flow rate is likely to be a problem." 

The information that is available, though not sufficiently detailed 
to be able to make conclusive statements does indicate that this condi- 
tion is satisfied and further treatment such as pre-freeze grouting will 
not be necessary. 

The time and cost estimates for shaft construction have therefore 
been based on the freezing method being used to control the ground water 
during sinking. 

3.2.1 Freeze Layout 

The arrangement of the freeze holes around the 20 foot diameter shaft 

is shown in Fig. 2. 


The specifications are given below: 


Diameter of freeze hole circle POETS 
Number of freeze holes Pat} 
Distance between freeze holes 4.65 feet 


Number of observation holes 2 
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LAYOUT Of FREEZE WoLES 


THE CEMENTATION COMPANY OF AMERICA INWRPORATED 
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Depth of freeze holes 1600 feet 

Center pressure relief hole 4. 

Accuracy of drilling freeze holes 4' X 8' rectangle 
Diameter of drill holes _ 8-3/4 inches 

Freeze Pipe specification External: 53 in. OD. 


0.361 inch walls, 
20 Lb/foot seamless 
buttress. 
Internal: < in. ID. 
Polyethylene. 
Observation Hole Pipe Specification 4% in. OD. 11.6 1b/foot, 
K55, STC seamless stan- 
dard oil well. 
Freezing Liquid Brine. 

As can be seen, the freezing liquid chosen for freezing of this shaft is 
brine. Analysis of some prime data on the chemical composition of the water 
from coreholes U.S.B.M. O1-A, U.S.B.M. O1 and U.S.B.M. O2-A released after 
the publishing of the hydrological report (Appendix III) indicate that the 
overall level of salt concentration will not cause any significant depression 
of the freezing point of that water. 

One other factor which could effect the choice of the freezing fluid 
would be the ground temperature. The geophysical logs of corehole U.S.B.M. 
Ol-A indicate that the temperature over the frozen zone rises from 90°F to 
11lO°F. Investigation into these anomalous high temperature readings with 
the Company who ran the logs suggests that they are approximately 35°F 
higher than the actual temperature readings. This conclusion is substan- 


tiated by readings from corehole U.S.B.M. O2-A which are approximately 35°F 
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lower than those from U.S.B.M. O1-A. For example, at 1500 feet, at the bottom 


of the frozen zone, the temperature in U.S.B.M. 02-A was recorded at 71°F, 


_ In conclusion, therefore, it is not considered necessary to use more sophis- 


ticated freezing liquids than the conventional brine. 

It will be noted that a pressure relief hole is required down the center 
of the shaft. This relieves the pressure which builds up in the formation 
as the icewall extends inwards. As indicated earlier, more detailed geolog- 


ical and hydrological data will be required prior to sinking the shaft. 


Preferably one hole should be drilled down the center of the shaft. Follow- 


ing testing etc., this hole can be used as the pressure relief hole. 

On completion of sinking and lining to 1560 feet, the freeze plant will 
be closed down and, depending upon the remainder of the shaft sinking sched- 
ule, it may be necessary to circulate heated brine through the freeze holes. 
This is done to ensure that the icewall has thawed so that back lining injec- 
tion can be carried out prior to completion of the shaft sinking phase (see 
lining details page 19). 

On the completion of this thawing process, the freeze holes are abandoned 
by taking out the freeze pipes and carefully filling the holes with cement 
grout. This eliminates the danger from a leaking freeze hole at a later date 


and stops the migration of water between aquifers. 


Shaft Design 
Legal Requirements 


In addition to other factors the legal requirements must be considered. 
In Colorado, these are defined in the "Colorado Bureau of Mines, Mining Laws." 
The sections that are quoted below are those which are relevant to the design 
of the shaft under consideration. 

Section 57, "Escapeways and Exits" states: 


1. Any underground mine, quarry or other excavation opened 
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by a shaft which is vertical, inclined or a combination 
of both and which reaches a vertical depth of one hundred 
(100) feet, shall have two (2) openings or exits to the 
surface, that is one exit in addition to the shaft men- 
tioned. 

The surface outlet for any of the above exits shall be 


not less than one hundred (100) feet apart. 


When there are two (2) exits from the underground to the 
surface, the employer shall provide, in addition to any 
mechanical means of ingress or egress, at least one (1) 
means of outlet for employees with ladders from the lowest 
workings of the mine to the surface. 

In all developed and operating mines, it shall be the duty 
of the employer to maintain and keep in good condition and 
repair at least two (2) outlets to the surface or there 
shall be an underground connecting passageway between every 
such mine and some neighbouring mine so that in any case 
there shall always be at least two (2) distinct and avail- 
able means of access to the surface for all employees under- 
ground. 

When new mines are opened or new levels opened in an old 
mine, the employer shall be allowed a reasonable time in 
which to secure a second exit or escapeway, but not more 
than six (6) months from the time such opening is made. 


Not more than ten (10) persons may be employed in that 


part of the mine or level until such escapeway or exit is made. 
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11. Under any condition where it is obviously impracticable for 
an employer to have two (2) escapeways or exits in any part 
of an underground working operations may be allowed with 
only one (1) outlet and under such conditions and with such 
precautions as the Commissioner of Mines may prescribe and 
then only upon written permission. 

Section 140 "Shafts and Raises" states: 

1. All shafts or raises equipped with hoisting machinery, which 
are used to handle men and materials, shall be divided into 
at least two (2) compartments, one of which shall be parti- 
tioned and set aside for a manway. 

Section 145 "Skips" states: 

4. Skips, used for hoisting or lowering employees or other 
persons in any vertical shaft or any in line shaft, shall 
be covered with an iron bonnet to protect employees from 
falling rock. They shall travel in guides or on rails with 
back runners to prevent derailment and shall have safety 
catches that will hold the fully loaded skip, should the 


hoisting rope fail. 


A similar paragraph is stated in Section 23 'Cages' Article 3. 
To summarize, therefore, the legal requirements are that two shafts 
will be required at the proposed mine unless permission to operate with 
one shaft is obtained. The service shaft shall have at least two compart- 
ments, one of which is a ikea and the service shaft shall be equipped 
with rigid guides and support sets. 
The alternative arrangements have been considered assuming that 


permission could be obtained for operating with one shaft and with rope 
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18 
guides. With the single shaft system, a divider would be installed to 
provide the separate intake and return ventilation compartments. The 
main shaft conveyances would be installed in one compartment, say the 
intake, and the return compartment would be unfurnished. However, this 
arrangement in a 20 foot diameter shaft would not be able to handle the 
ventilation requirements (see next section), nor would the layout of 
skip and cage in the shaft be a practical arrangement. In this study 
it is therefore assumed that at least one other shaft already exists 
which canstitutes the second exit to the surface and is the upcast 
Shaft capable of handling 500,000 cubic feet of ventilating air per 
minute. 

The use of rope guides in the two shaft system has also been con- 
sidered, but to obtain the necessary clearances between conveyances 
severely limits the size of the conveyances. The use of rope guides 
therefore has been discarded because as much space should be reserved 
for the movement of heavy, irregular shaped equipment in this service 


Shaft. 


Ventilation 


The shaft cross sectional area and the area of the shaft convey- 


ances, together with the type of furnishing in the shaft are the limiting 


factors in determining the quantity of ventilating air that can be 
reasonably handled in the shaft. Generally accepted criteria are: 
(a) The area of the shaft conveyances should not exceed 50% 
of the shaft area. 


(b) Limiting air velocities: 
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In a furnished shaft with rigid guides and support 


sets 1500 ft/min 
In a furnished shaft with rope guides 2000 ft/min 
In an unfurnished shaft 2500 ft/min 


In the shaft under consideration therefore, the limiting air velocity 
can be taken as 1500 ft/minute. This means that in this 20 foot diameter 
shaft, the total quantity of ventilating air that can be readily handled 
by the shaft without having excessive friction loss, high water gauges 
and power consumptions is 471,000 c.f.m. Strictly speaking, a 20 foot 
diameter shaft is too small for the ventilation requirement of 500,000 c.f.m. 
and a 22 foot diameter shaft would be more appropriate. However, the dis- 
crepancy is small between the ventilation requirement and that which can 
be readily obtained in this 20 foot diameter shaft and there is no doubt 
that this sized shaft will be adequate. 

4.3 Shaft Lining 

Shaft linings in water bearing strata mst, for the life of the shaft, 
be able to withstand the pressures which will be applied and keep the 
residual shaft water inflows within acceptable limits. In choosing the 
type of lining which will best provide these properties, for each shaft 
diameter, consideration mist be given to: 

(a) The type and magnitude of loading on the lining. For the 

Same pressure, loads on a lining and therefore lining strengths 
increase with increased shaft diameters. 

(b) The water sealing properties of the lining type. For example 

with a concrete lining the difficulty and probability of 
completely sealing construction joints decreases with increased 


hydrostatic pressure. This is less of a problem with either 


a 
soqque Bis esbiag Biphs, thy ts ia f 


niASt OORL big et 
teh a 906s hab fim eget a) fw fiat E fodetineg® 
he 


wis betaio tl ne al 


} haere 


dp 


4 , a ur 
a 


. =e 
; j ~ o hom 
‘ 
* f . 
7 
: 
n 
' 
- i 
® 
& Vie 
: - 
- 
4 > ~ 3 % ’ - 
d eo ™ 
> Ff 
aa j 
. im 
Xs 
“4 ~ 4 a= : at. 
» A. we » > 
» , 
i. sac 
rat; oL ,@e@s 4 boi 
4 
. 
| | 
dial 
—e 7 
- f — - oe Ph Pye 
a P oe. 
as . -~ ~~ « be a 
‘ 
3 4 
“23 — : bits 
—s anaie . Fe I ay" ars + . 
{ oh. si 2 10 2 
- 4 h 
- al - 


te halo toe ait ae L 93 
ret 7 i. “ep ie Pe > 7 Poa ae - : ; J 
>. ; ae 
- t . ». ~Hi a piri 
Mae re , ee 


herr _ 8 138: : 


> 


20 
steel or cast iron linings. 


(c) The nature and distribution of unconsolidated deposits. For 
example, where a lining covers unconsolidated deposits, such 
as running sand, and there is leakage through the lining, then 
it is likely that over a period of time the leakage will 
increase due to erosion of the lining by sand particles carried 
in the water, and cavities will be created behind the lining 
due to the removal of the sand. To correct such a condition, 
extensive and costly repair work would be required during the 
operating life of the mine. 

There are three types of lining which will be considered for these 
shafts. 

(a) Concrete or reinforced concrete. 

(b) A combination of steel liner plate and concrete. 

(c) A combination of cast iron tubbing and conrete. 

In the majority of circular shafts, concrete linings are used since 
in anything but exceptional circumstances this type provides the strength 
and sealing properties required. Although there will be unconsolidated 
sections of strata in this section, these will not be of a 'sandy' nature 
and material removal by leaking water need not be considered. 

The lining details for the shaft are shown in Figure 3. Concrete has 
been specified throughout. The introduction of rebar into the concrete 
lining of frozen shafts causes damage to the concrete when the freeze is 
taken off. This is caused by the differential contraction between the 
concrete and the steel. Furthermore, provision should be made for cutting 
any steel which is continuous through the concrete which may be necessary 


to install for contruction, i.e., hanging rods. The lining thicknesses 
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LINING DETAILS 


THE CEMENTATION COMPANY OF AMERICA INCOKPOKATED 
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and the concrete strengths in the various sections are as follows: 
Section 1 

From 0 to 30 feet - the collar section - 36" thick, with an uncon- 
firmed compressive strength of 4,500 psi. 
Section 2 

From 30 feet to 600 feet - a length of 570 feet extending from the 
collar section to three quarters through the water bearing Evacuation 
Creek formation. This concrete is 18" thick with a u.c.s. 3750 psi. 
Section 3 

From 600 feet to 1150 feet - a length of 550 feet covering the lower 
quarter of the Evacuation Creek formation, the whole of the upper part of 
the water bearing Upper Zone, and the majority of the dry Mahogany Zone. 
This lining is 24" thick and the concrete has an unconfined compressive 
strength of 4500 psi. To prevent migration of fresh water downwards 
behind the lining into the zones containing the soluble salts, a seal 
consisting of Pikotage ring should be constructed in the competent dry 
ground of the Mahogany Zones. 

Section 4 7 

From 1150 feet to 1600 feet - a length of 450 feet extending from 
just above the bottom of the Mahogany Zone, through the water bearing 
incompetent Leached Zone. The lining thickness is 36" and the unconfined 
compressive strength of the concrete is 6000 psi. 

A second sealing ring should be constructed in the competent dry 
ground below the fracture base. If possible, this should be above the 
soluble Halide Zones which exist in the upper regions of the Lower Zones. 
Section 5 


From 1600 feet to the shaft bottom through the remainder of the lower 
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Zone and into the top of the Garden Gulch, which are both dry and compe- 


tent, the lining thickness is 18" and the concrete has an unconfined 
compressive strength of 4500 psi. 

It is anticipated that the shaft lining will be constructed in a 
series of 20 foot pours (probably less, when lining through the incompe- 
tent ground 120 feet above the water table). Each pour will therefore 
have a construction joint through which there will be, without doubt, 

a relatively easy path for water to flow into the shaft. However, this 
water can be minimized by using correctly designed construction joints 
using water stops and by systematically grouting behind the shaft lining 
on the completion of sinking. In this way, the residual water flow into 
the shaft could be kept to below 30 gpm. This water would be controlled 
and collected by a series of water rings and drain pipes which direct the 
water into the permanent mine pumping system. 

Internal Shaft Layout 

The layout of dividers and shaft furnishing etc., has been developed 
in conjunction with the hoisting systems and the requirements of the shaft 
in terms of ore hoisting capacity and men/materials/equipment handling. 
The details of the sliatt conveyances are given in the section dealing with 
the hoist and hoisting arrangements. 

The shaft contains two skip compartments and one cage compartment, 
see Fig. 4. The main divider between the two skip compartments and the 
cage compartment supports the partition between the two sections. Further 
Screens are supported by other dividers around the manway. The shaft also 
contains 8" concrete slick lines, 10" water discharge lines, 12" compressed 
air lines, 6" water supply lines, power and commmmication cables. The 


number of service lines of each type that will be required will depend 
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very much upon the mining method used in the mine. Allowance is being 
made for installing two pipes of each type and for supplying 2000 kva 

of power underground. The pipe joints should be designed to make allow- 
ance for expansion of the pipe when the freeze is taken off the shaft. 
The pipes should all be cut to the same length as this aids the initial 
installation and also helps if a pipe length has to be changed at a later 
date. Itis often convenient to have the pipe joints installed at about 
4, feet above the manway landings as that they can easily be inspected 

and worked on from that landing. 

In addition, a ventilation duct will be run in the shaft. This will 
be used initially for the shaft sinking, but will be retained following 
the completion of the shaft for ventilation during the driving of the 
drifts which connect to the ventilation shaft. This ventilation ducting 
should be used as the upcast system so that if pockets of gas are inter- 
sected it can be led directly from the work area away from the men working 
either in the shaft or the drift. 

The shaft sets would be tubular steel at 10 feet centers. Manway 
landings would be installed on every other set. The guides for both the 
skips and the cage would be tubular steel. 

Stations and Other Off-Shaft Excavations 

The time and cost estimates are based on a general arrangement for 
shaft stations and other excavations as shown in Fig. 5a and Fig. 5b, and 
shows the extent of the work which should be done in conjunction with the 
shaft sinking. The layout is based on the assumption that all these levels 
will be developed simultaneously and all the ore is handled through one 


loading pocket at the lower level. 
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Although the final arrangement of these facilities could vary from 


that shown, we would expect that the total volume of excavation, concrete, 
steel, etc., would remain very similar. Therefore, the time and cost 
should also be very similar. 

The following off-shaft excavations have been included in the 
estimate. It is assumed in this study that sufficient development and 
equipment installation is done by the shaft sinking contractor to allow 
development rock to be handled by the loading and skipping facilities 
although not necessarily in each case the final permanent system. 

Stations 

A total of three stations would be excavated; one at each mining 
level, i.e., at 1804, 2109, 2414. Each station would have three entrances 
from the shaft. The two entrances from the cage compartment would extend 
70 feet away from the shaft center line and would have connecting roadways 
with the third drift which would extend out beyond the ore pass, Pe." 

100 feet from the centerline of the shaft. A walkaround would allow 
pedestrian access around the shaft. Station entrances would contain 
steel which would be tied in with the shaft steel and would be concreted 
25 feet into the station entrances from the shaft centerline. 

Raises and Ore Bins 

A system of raises connects the three levels, allowing ore to be 
dumped at any level and make its way down to the 1000 ton capacity ore 
bin located at the lowest mining level. In this way limited delays in 
the mining area will not affect ore hoisting in the shaft and vice versa. 
Loading Pocket 

A loading pocket is located just below the lowest mining level and 
handles the ore from all three levels. The skip measuring and loading 


equipment would be installed and put into operation by the sinking 


contractor. 


a9 
Pump Station 

The main pump station would be located on the upper mining level 
and would be installed and brought into operation with the permanent 
pumps by the sinking contractor when this station is excavated as the 
Shaft goes down. This pump station would be capable of handling the full 
head to the surface, and would be used for the remainder of the shaft 
Sinking as well as for the life of the Pilot Mine. Other secondary 
pump stations would be located at each of the other two levels, but 
would use smaller pumps operating at lower heads which would feed the 
main pump station. Similarly, the secondary pump stations would be 
installed and brought into operation during the sinking and would handle 
the water discharge during the sinking below that level. Provision has 
been made in the estimate for supplying and installing pumping equipment 
capable of handling 500 gpm from the mine. 

Further excavation is required in the general area of the shaft 
prior to the mine going into production. However, this can be carried 
out more economically together with the general mine development work 
on completion of the shaft work. Items in the category include for 
example, (a) the spillage cleanup slope; a decline driven from the low- 
est mining level to the bottom of the shaft to allow standard mine 
equipment to clean up any ore spillage in the shaft, and (b) the ore 
bin access; a roadway providing access to the top of the ore bin from 
the lowest mining level (c) permanent sumps. 

Permanent Facilities 

It is beyond the scope of this study to give a final and detailed 

specification for the permanent facilities system. There is a wide 


range of choice for each of the elements which make up a system and the 
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final specification must be the subject of an indepth study. Neverthe- 
less, it is possible at this point to define a system which is feasible 
and by doing so arrive at a practical construction time and cost estimate. 
Hoists 
Alternative Systems 

The production rate for the Pilot Mine is specified as 7500 tons/day, 
based on 19.5 hours of hoisting over 3 shifts. The density of the oil 
Shale in place has been taken as 1.95 tons/cu. yd. (equivalent to an oil 


yield of +20 gals/ton) and has a broken density of 1.21 tons/cu. yd. 


assuming 38% voids. 


However, in addition to hoisting the oil shale, the shaft will be 
used to handle various types of mining machinery which will be tested in 
the Pilot Mine operation. There has been a dramatic increase in the 
physical size and weight of underground mining machinery in recent years. 
Some examples are given below and there are many others which could be 
equally suitable. 

Shuttle Cars - up to 30 feet long, 12 feet wide and 6'2" high 

and weighing 60,000 lbs. 

L.H.D.'s Wagner STS - up to 32'9" long, 8'03" wide and 6'2" high. 
When broken at the hinge pin, the heaviest section 
is the chassis. This is 16'7" long, 8'03" wide 
and weighs approximately 30,000 lbs. 

Continuous Miners - the heaviest Single component of the continuous 
miner is the gear box. A typical gear box weighs 
65,000 lbs. without gears and 100,000 lbs. when the 


gears are in place. 
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In the absence of any specific knowledge of what equipment is 
required to go down the shaft, a maximum load capacity of 45 tons has 
been chosen for the service hoist. The service cage compartment is 
as large as other considerations will allow. 

Several different hoisting systems have been studied for the Pilot 
Mine. They are as follows: | 
(a) Alternative 1. - Two Drum Hoists. 

Production Hoist - a 144" Diameter X 84" or 60" face double 
drum hoist, handling two-12 ton capacity 
skips in balance. 

Service Hoist - - a 144" diameter X 84" face single drum 
hoist, that can handle a normal load of 
15 tons in the cage, or loads of up to i 
45 tons when slung below a double down 
sheave in the shaft. 

This hoisting system would be flexible and 
it makes efficient use of the shaft cross- 
sectioned area. 

(b) Alternative 2.  - 2 Koepe Hoists. 

Production Hoist - a 138" diameter four rope hoist handling a 
Single 24 ton capacity skip and a counter- 


weight. 
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Service Hoist - a 150" diameter four rope hoist handling a single 
large skip and counterweight. Maximum cage load 


would be 45 tons. 


This hoisting system would be flexible but inefficient. A 45 ton 
load would only be raised or lowered occasionally, but in order to cope 
with this load, the service hoist would have to be larger than the 
production hoist. In addition, the floor area of the cage is limited 
by the space required in the shaft for the two counterweight compart- 


ments. 
(c) Alternative 3. - One Koepe and One Drum Hoist. 


Production/Service Hoist - a 150" diameter four rope Koepe hoist 
handling a single 30 ton capacity skip, counter- 
balanced by a large cage. This hoist can produce 
the required 7500 tons of ore in just under 16 
hours and be used to raise and lower major material 
loads for the balance of each day. As in the two 
previous cases, the maximum material load will be 


45 tons. 


Service Hoist - a 72" diameter X 54" face single drum hoist that 
will be used to transport supervisory staff and 


maintenance crews and their equipment. 
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This hoisting system would be efficient in terms of shaft layout and 
equipment utilization, providing shaft production and material handling 
schedules are carefully planned and rigidly adhered to. 

The prime function of this mine, being essentially an experimental 
mine, is not solely production. Of equal, if not more importance, is the 
testing of underground methods and equipment in the oil shales. It is 
therefore important that adequate facilities are provided for the trans- 
port of bulky and heavy items of equipment. With these points in mind, 
the overall hoisting system should have the maximm flexibility which is 
commensurate with both the largest cage cross section area available and 
load carrying characteristics. These conditions are satisfied most conm- 
pletely by Alternative 1 - two drum hoists. Although the purchase price 
of the two drum hoists is higher than either of the other alternatives, 
the extra cost is offset by the higher cost of the tower headframe required 
by the other alternatives. Taking every item into account, Pee Pere 
headframe, hoisthouse, foundations, hoist installation, skips, cages, ropes, 
Sheavewheels, etc., the overall cost of alternative 1 is very similar to 
alternative 3. Alternative 2 is higher. 


Double Drum Production Hoist 


A skip load of 12 tons and a maximum speed of 1800 feet/minute has 
been selected as a basis for this hoist in order to meet the production 
requirements. The principal dimensions of the skip are shown in Fig. 6. 
Details of the ropes, ‘eas and drum parameters are given in Table 1. 
Iwo alternative arrangements have been considered. Alternative A has the 
two skips on opposite sides of the shaft and the central symmetrical portion, 
7'8" between guides, across the widest part of the shaft, is the cage compart- 


ment, see Fig. 7. Alternative B has the two skips side by side and a service 
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TABLE 1 


HOISTING DATA — DOUBLE DRUM PRODUCTION HOIST 


Alternative PCAN SE a hoe 
Hoisting Distance (feet) eee UU Syne 
Suspended Rope (feet) Cee) 50 ewe is 
HEADROPES 

Type 6 X 19 LANG LAY FLATTENED STRAND 
Diameter (inches) wt PR 1.25 eens 
Ultimate Strength (lbs) reba «203000 el ee 
Weight/Foot (lbs) Aas Pe von! he a 
Drum/Rope Diameter eats Para! 82.1 ere 
SUSPENDED LOADS (1bs) 

Headrope yo a ree, | AR 8 ere ee 
Payload ee iatst eALUG ned es 
Skip Weight eis iPaapates se it! 
ROPE TENSIONS (1bs 

Full Skip at L. P. fs =P" 56050 Saag: 9 
Full Skip at Dump tenes  eO aT ed 
ROPE FACTORS OF SAFETY 

Full Skip at L.P. betty pn ie tg SS re yap 
Full Skip at Dump eben OPER 
Statutory jie ees ! : 
DRUM PARAMETERS 

Drum Diameter (inches) 144 LAL 
Drum Face (inches) Sh 60 
Rope Pitch (inches) NEPA 1554 
Turns/Layer 45 32 
Drum Revs/Cycle 64 64 
Dead Turns 6 6 
Total Turns 13 de 
Layers of Rope V6 hee 
ROPE STRETCH WHEN LOADING ORE 

Load (P) (lbs) Pe oe 24,000 ti anphe 
Rope Length (L) (Feet) Pr are oO) ee bec ae 
Rope Area (A) (sq. ins.) SA ee SO . 
Rope Modulus (E) (lbs/sq. in.) ocean Soke iC niger: 
STRETCH = P.L (feet) SS enn ons TA ae Tore 
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compartment that is 7'8" between guides, but not symmetrical about the 
shaft centerline (Fig. 4). 
Alternative A allows the optimum use of the shaft cross sectional 
area, but has the following disadvantages - 
(a) The two underground loading pockets and the two dumps in 
the headframe will be on opposite sides of the shaft. 
This complicates loading and dumping arrangements. 
(b) The distance between drum centers of a typical 144" diameter 
X 84" face double drum hoist will be about 10'4" if there is 
a central bearing. To accommodate the 14'2" skip compartment 
centers the hoist would have to be offset approximately 30° 
from the shaft centerline. Alternatively a special hoist 
could be built with drum face centers at about 12!2". 
Alternative B does not make as efficient use of the available shaft 
area for the cage compartment as does A, but loading and dumping arrange- 
ments are simplified and a conventional splayed leg A frame design head- 
frame can be used. These advantages of alternative B are considered to 
outweigh the extra service compartment length of alternative A and the 
adjacent skip compartment arrangement as shown in Fig. 4 is proposed for 
this shaft. 
The cardinal points of the hoist duty cycle are plotted in Fig. 8. 
If the hoist motor is continuously ventilated by an external fan, the 
R.M.S. horsepower will be 1700. Peak horsepower during acceleration will 
be 3270 HP. 
A single 1750 horsepower 500 r.p.m. motor capable of frequent 200% 
peaks during the acceleration period will be adequate for this duty. The 


gear reducer will be single reduction, approximately 10.5:1 ratio. 
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6.1.3 Single Drum Service Hoist 


A load of 45 tons is beyond the capacity of a single hoisting rope. 
It is however, feasible to build a single drum hoist and use two falls of 
rope to handle the heavy loads. Loads of up to 15 tons in a cage weighing 
5 tons can be handled by a single 1.75" rope with the same specifications 
as for the Production Hoist. See Table 2. 

Loads of up to 45 tons can be handled by suspending them from a 
skeleton structure that incorporates a 12 foot diameter sheave. During 
this operation, the end of the hoisting rope will be anchored in the 
headframe and the load supported on two falls of rope, see Figure 9. 

A 144" diameter X 84" face drum can accommodate the required 4800 
feet of active rope plus 6 dead turns in 2.98 layers. If the gear ratio 
on the service hoist is approximately 18:1, (double reduction gears) giv- 
ing a maximum rope speed of 1,000 f.p.m., then it will be possible to use 
duplicate electrical drives on both the service and production seten 1.62; 
1750 horsepower 500 r.p.m. DC motors. A plan view of the two drum hoists 
relative to the shaft is given in Figure 10. 

6.2 Headframe 

As outlined in the previous section, the conventional splayed leg 'A!' 
frame design headframe is capable of handling the pelatively small lateral 
component of the rope tensions. Figure 11 shows a section on the center- 
line of the production hoist, giving headframe elevations. The dump has 
been taken as 90 feet above collar elevation to provide room for a 700 ton 
capacity ore storage bin. 

The headframe will be enclosed with utility cladding which will be 
extended to include a shaft house. Equipment is included for the removal 
of skips and cage for repair, changing out the cage and replacing it with 
the "in shaft" sheave wheel, and for sheave wheel removal on top of the 
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TABLE 2 


Hoisting Distance (feet) 
Suspended Rope (feet) 


HEADROPES 


e 
Diameter (inches) 


te Strength (lbs) 
Wek /toot (lbs) 
Drum/Rope Diameter 


SUSPENDED LOADS (1bs) 


Headrope 
Material Load 
Cage Weight 


ROPE TENSIONS (1bs) 


Material Load at 2400 Level 
Material Load at Collar 


ROPE FACTORS OF SAFETY 


Material Load at 2400 Level 
Material Load at Collar 
Statutory 


DRUM PARAMETERS 


Drum Diameter (inches) 
Drum Face (inches) 
Rope Pitch (inches) 
Turns/Layer 

Drum Revs/Cycle 

Dead Turns 

Total Turns 

Layers of Rope 


ROPE STRETCH WHEN LOADING 
MATERT ATL 

Load (P) (1bs) X 103 

Rope Length (L) (feet) 

Rope Area (A) (sq. ins.) 

Rope Modulus (E)(1b/sq. in) 


STRETCH = P.L. (feet) 
A.E 


HOISTING DATA 


NORMAL 
LOAD 


SINGLE DRUM SERVICE HOIST 


MAXIMUM MATERIAL 


USING DOUBLE DOWN SHEAVE 
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2 X 14050 
90000 
15000 


40 


| 
Os 
’ 
‘; . o. i an p. 
» ry ar “ at 
TADS q TAM CHEEKANE * 
f 7 1.2 neat « Tp % et F =r \ 
PaLPR. . Me HON, Se sd ‘ 
* s ‘ e 
i 
shel 
, % 
7 
4 
i 
a 
i 
’ 
i j 
t i] 
‘ 
j F ~ 
u, . 
a a F 


+ 2 
oe ea) amma ous Bar 
Fe p. 
ur ; . ia 
ie 7 Beot Solem ha 
a tet + 


‘ 
fear) @ see: AA) 


« Lire b ae 
ee or y- 
7 7 


eye is ne bs ni 


SURET LAYOUT WHEN HANDUNG HEAVY LOAD 


THe CEMENTATION COMPANY OF AMERICA INDRPORATED 


FIGUEE D 


Al 


ey > 


Sst , | 
’ — ap a" vi hs : 
es Rae ry bins 
) - ie i . 
- ; = : ; 


FIGUCES IO #11 


OVERT RAVE! 


UMI 
tw Fave. 
WE STR 


145° 0" 


% 
aS 
® 


fe CAGE KT COLAR 


ELEVATION Flquee I 


THE CEMENTATION COMPANY CF AMERICA INCORPozATIED DRNN By NH 


/ \ 
‘ a x ae A et ee 
va i ao 
« * | ° a a ul 
; i ih —— = vremseameiennn pine Dae : - 
4 , . 


ok, 


43 
6.3 Surface Ore Removal and Storage 

The storage area for the oil shale will be in the gulley to the 
west of the shaft, see Fig. 1. The total volume of rock excavated by the 
shaft sinking contractor would occupy a volume of about 105,500 cu. yds. 
Of this, 31,500 cu. yds. would be waste rock and oil shale from the 
Upper Zone, and 74,000 cu. yds. would be oil shales containing soluble 
salts. This latter rock would be stockpiled. With this in mind, 
together with the fact that the production rate for the mine is 7500 
tons/day the total volume of the Stockpile has been taken as 125,000 
cu. yds. This represents a storage capacity equivalent to 20 days 
production if the rock was leveled to the tops of the dams. By heaping 
up the rock with a slope 1:3 on the face a total of 40 days production 
could be stockpiled. 

To form this stockpile, retaining dams will be built at either end 
of the gulley. At the north end this could be 60 feet high in the center 
and at the south end 10 feet high in the center. These two dams would 
consume the total waste rock from the upper part of the shaft and would 
be constructed simultaneously with the sinking of the upper 1184 feet of 
shaft. soc he 

The retention structure upstream i.e., southern end of the stock- 
pile, will prevent surface water from reaching the stockpile. This water 
will be carried through a permanent pipe beneath the pile. The dam down- 
stream, i.e., northern end, would collect any surface runoff from the 
pile. This water, containing salts dissolved from the rock would initially 
be pumped away to a disposal well draining into the underground aquifer 
at the leached zone. Containment of the water from the stockpile would be 


ensured by the use of a buried flexible membrane liner beneath the pile. 
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The ore will be transported from the shaft to the stockpile area 
in off-highway heavy duty dump trucks. Amongst others, a conveyor belt 
system was also considered, but was discarded because of its lack of 
flexibility and high cost. A further advantage that the dump truck has 
over the conveyor belt system is that it can handle a mich wider range 
of particle sizes. This could be an important factor during development 
work prior to the installation of an underground crusher or, if no 
crusher is installed during production, especially as the different 
mining methods test may produce a wide range of rock sizes. 

A 30 ton truck can handle the production requirements although a 
second truck would be required as a spare for use during downtime and 
maintenance. A bulldozer would spread the rock across the width of the 
stockpile area. 

Surface Layout 

Fig. 12 Shows the surface layout for the Pilot Mine. The main facil- 
ities that will be required have been included in what is considered to be 
the most convenient locations. The size of each unit will depend upon the 
requirements for the mine. Items such as ae hoisthouse and headframe and 
offices etc., are fairly well defined, but for others, reasonable assump- 
tions have had to be made to'arrive at sizes and therefore costs. 

Provision should be made on the surface layout for the disposal of 
small quantities of water containing salts in solution. This requires an 
injection well or wells into the Leached Zone. A 12 inch diameter cell, 
300 ft. long would be capable of bend iane 100 g.p.m. using just the static 
head available. This would be suitable most of the thus ducing shaft sink- 


ing and to handle the precipitation on the ore storage area especially as 
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the settling pond would act as a surge tank. However, provision would be 
made for pumping the water into the well and in this way, the injection 
well could handle quantities up to 500 g.p.mn. using excess pressures up 
to 200 psi. 

If, at a later date, larger quantities of water were required to be 
pumped from the mine, it would be totally consumed, with no planned dis- 
charge to surface water bodies or to ground water aquifers’ in the oil 
Shale processing plant. Such a plant would use from 3 to 4 bbls of water 
per bbl. of oil produced. 

Construction 


Construction Method and Schedule 


Fig. 13 and 14 shows a typical shaft Sinking layout both in the shaft 
and on the surface using a temporary Sinking headframe and hoists. The 
location of equipment on the surface has been chosen so that the majority 
of the permanent facilities can be assembled and built concurrent with the 
Sinking. To achieve the high sinking rates which have been used in the 
construction schedule, it is important that the main hoist is sufficiently 
powerful to be able to raise the muck at least as fast as the mucking equip- 
ment can fill the buckets. This becomes especially important as the shaft 
gets deeper and hoisting times become longer. Typically, the hoist should 
be about 1350 HP. A second hoist, a four drum capstan hoist raises and 
lowers the work stage, or galloway. This constitutes the second means of 
exit from the shaft as well as being used for working in the shaft, Ln@es 
concreting, equipping, etc. The four ropes supporting the galloway in 
the shaft act as guides for the crosshead on the muck buckets. 

The construction schedule has been based on Sinking through the upper 


Evacuation Creek Member using a hydraulic breaker and mucking with a 
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Cryderman Mucker. All the indications are that this system could be 
used to advantage in this silty sandstone and the time and costs could 

be reduced. However, particularly with a frozen Shaft, the timing of 
each phase is very important. Sinking below the water table cannot be 
easily achieved until the icewall around the periphery of the shaft 

is closed, but the rock will break more easily if it is not frozen. It 
is therefore important to be ready to sink below the water table as soon 
as the icewall is complete and before the freeze extends too far into the 
shaft. Of course, as the sinking progresses, so does the icewall into 
the shaft, but the section through the top Evacuation Creek Member should 
be completed quickly and the growth of the icewall should not be too 
excessive. 

Sinking through the oil shales will be done by conventional drill 
and blast techniques using rotary or rotary percussive drilling machines with 
air flushing when sinking through the frozen zone. 

In this shaft, where buntons and rigid guides have to be installed, it 
is highly improbable, though not impossible, that the shaft sinking contrac- 
tor would elect foriuacal Witrexe permanent shaft facilities as sinking 
progressed. The most likely method to be used, and the one on which we 
have based the time and cost estimates, is to sink and line to full depth, 
installing those pipes and services required for Sinking, cutting the 
stations and other off-shaft excavations as the shaft reaches that elevation, 
and then installing the buntons, guides, and remaining pipes in a separate 
operation. 

Fig. 15 is the construction schedule for the Sinking of the shaft and 


the erection of the permanent facilities. 
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15 INSTALL SETS, GUIDES, PIPES, SCREENS, 
MANWAY, ETC. IN SHAFT 


16 DEMOBILIZE SURFACE PLANT & EQUIPMENT 
17 DESIGN, MANUFACTURE & INSTALL HOIST 


18 DESIGN, MANUFACTURE, CONSTRUCT FOUNDATIONS. 
ERECT HEADFRAME, ROPEUP, INSTALL CONVEY- 


ANCES. 
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The initial phase is to establish access to the site and to level 
and grade the mine site. On the completion of this work, preparation can 
be made for drilling the freeze holes. During the drilling of these 
holes, the freeze plants are installed, and ready to be put into opera- 
tion immediately the holes are equipped. A period of freezing is then 
required to close the icewall surrounding the shaft excavation. However, 
during this period, preparations for full scale sinking can be made by 
constructing the shaft collar to about 70 ft. and installing the sinking 
equipment. As indicated earlier, the timing here is important as the 
icewall should just be formed by the time the sinking reaches 120 ft. 

(the water table). Sinking, lining and freezing are then carried out 
until the shaft is below the fracture base in the Lower Zone, when freezing 
is discontinued. Sinking and lining is contimued to the total depth. 

Abandonment of the freeze holes and demobilization of the freeze plant 
can be started at the end of the ernst period with the work scheduled for 
completion before the start of the installation of the permanent facilities. 

The back wall injection will be carried out and the lining construc- 
tion joints sealed on the upper frozen part of the shaft when conditions 
allow, during the sinking of the bottom part of the shaft and the excavating 
of the stations. 

The construction of the ore storage is phased in with the shaft sink- 
ing. The retention dams are formed with the rock from the upper part of 
the shaft, the flexible membrane is laid and buried, and the ore from the 
lower part of the shaft is put into the storage area thus formed. 
| After the shaft bottoms out, the permanent in-shaft facilities are 
installed. Maximum use should be made of the sinking contractors equip- 


ment for this work. This will include installing the furnishing steel, 


52 
power cables, service ranges, loading pocket equipment and installing 
the cage and skips in position in the shaft bottom in preparation for 
connection to the permanent hoist ropes. Consideration should also be 
given to the lowering of large bulky items of equipment down the shaft for 
use in the Pilot Mine prior to the equipping of the shaft. 

On completion of this work, the sinking equipment will be demobilized 
and the other remaining permanent facilities are constructed and installed. 
During these final stages of the work specialized equipment and personnel 
will be used, i.e., for hoist erection and headframe construction. The 
major portion of this work would be carried out on a subcontract basis 
using subcontractors specializing in the type of work to be done. 

The estimated construction time for the completed shaft is 126.5 
weeks. This schedule is based on 3 shift working, 7 days per week by sink- 
ing crews only for the whole period except for mobilization and Sinking 
the collar, and demobilization, which would be on a 1 shift basis. The 
completion of the remaining permanent facilities is estimated to take a 
further 22 weeks. 

7.2 Manpower 

The Rar eater Mitek ds nacit is given in Figure 16 and will vary ieeiers 
out the project depending upon the stage of the project. However, it should 
be consistent during the sinking of the lower part of the shaft at 76 except 
for the addition of 2 raise miners during the station work. During this phase 
of the work, the size of the work force will be close to the maximum required 
at any time during the project. Appendix IV gives the employee classifica- 


tion and the wage rates used in estimating construction costs. It will not 
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FIGURE 16 


EMPLOYEE CLASSIFICATION SHAFT SINKING 


pe 
a ey 
” Sp) 4 
sa a} | = fl 
=| 3 AbanSpote 8] 
> me 
Fy al alal = |B ea] Fy 
S| slpael ate tei Rel Pagbes Fey bil’ 
2 = z oe = fe fx] 3 3 os 
5 = S) S| = es ond = 
Ay A} ql fa] 2, =! i 
lias = W FE! Oo] | a] By) 
4] N e =] al fa] fal < pay Gly el mo] a 
red | sd ee i E Sy BL op =] ol S| al & 
= ol fal of} | & z oO} el ol Sl el = a 
1 Qi mi WI YO} oOo A St Onell Bi olin 


MINERS 


WEEK 
PROJECT MANAGER 
PROJECT SUPERINTENDENT 
MECHANICAL SUPERINTENDENT 
PNITOR ENGINEER! 
WALKERS 
ASSISTANT ENGINEER 
LEAD MECHANIC 
LEAD ELECTRICIAN 
SURFACE FOREMAN 
FREEZE PLANT SUPERINTENDENT 
ACCOUNTANT 
SECRETARY 
WAREHOUS EMAN 


“ | i oe 
Teresi a 
Bs wt | on e “te ce 4 


* 9 
wo 


nn 8? ty ea — 


gee 


‘oon « ep ee ah 04 pty wee 


f OF 
d Pe 
. Line sori taba + ommbaanbees = » 
ee id ST is neni meen =“ —_ 4: 
4 i 
"i ROS SS TE ET | 
im en maw = iA 7 
*. i 


2 : - - dan bot : ee eeage paren ya algegee 
TT ee if : ; i pe Paes Py 
" ‘ : ; cima. Bape 
- Riis. — 


* > ro taht oe i 
65, ye) aN byl hiss 


16 tet ped Ges oy « or a 29 400g 


te a penn ae syle at ee mt a, itty ona ¥ 


wohl na 
jt ~ ie 9 00 by 


Ca ae oats ry . 6 vet ica a 
id re if ny i ; : ' : o sansa senate ~« -— 
:) : hile ~— 


“a i 


postin wnamiimcrgeed ee ae 


Wy Ae Y 


aa D r sf ' W 

‘2 

‘ went yer waploves sh erm a ee > 
& ff ; 


ae _ a - “ a tee ee Sen es 
oe —_ 1 Ww ate mek. a" al 7 , 
mi " 4 


Abs Sl ; VE ERED j sodden - bet nmente eyrene eceetaenelape sie iptihaliene tier 0: sneer ne 
ornare peer ers fens 


oo oF , 


Linseshanipiacdaer . . : 
Pu j rit A eo at 
OS ee 
aioe evs. ee Ainpheonrprg pe ema e-8 te 
a io » 
ate A Le ee are 
ee A a oe ie code ate 


‘ea R, Lo ty CO ee 
ear er arhvid eels mms te et eaten gt on > teen epee renee aod ed 


a . oh 
: : b Ser : ie SE 


oe ah ete enna hin mammermuntll i ome — 
; mn 


+ ~ r + ¥ 
i piper 

ae sae ri 
hecteen. é 


s 7 %! 
¥ = i ee ee 
0 atinlarnelinlopmevaionmmeey - ers = 


i AD i 


eS 


tad 
dodel 


7.3.2 


54 
be possible to recruit labor locally in either the numbers or with the 
Skills required and the major part of the force will need to be brought 
in from other areas. There is limited accommodation available within 
driving distance of the mine, and provision should be made to accommo— 
date part of this non-local labor in a camp located at or near the site. 
In our cost estimate we have allowed that a camp which can accommodate 
up to 50% of the project labor force during Sinking will be provided. 

A breakdown of camp costs is given in Appendix IV. 
Procurement of Equipment 
Contractors 

The two areas where a shaft Sinking contractor could encounter 
problems is in procuring the freeze hole casings and the freeze plant. 
Both of these items are needed at the start of the work, 

In 1974, freeze hole casing was in short Supply, but the situation 
has eased since then. It is, however, recommended that immediately a 
decision has been made to proceed with the shaft sinking steps should 
be taken to secure a supply of suitable casing which can then be used 
by the shaft sinking contractors. 

Freeze plants are on a two year delivery, and it has been assumed 
that the shaft sinking contractor will either owm the units needed or 
have a supply source for used units. 


Permanent Facilities 


The various component parts making up the permanent facilities are 
interdependent and the complete system must be designed as a unit. 
From the point of view of time the design and supply of the production 
hoist is the critical element, and a period of 18 months to two years 


must be allowed for this section. The headframe and other facilities 
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Such as skips, cages, ropes, etc. would be designed in conjunction with 
the hoist, although their procurement would take less time. As for 
skips, cages, ropes and loading and measuring pockets, orders should 
be placed a minimum of one year before they are required. For this reason 
it was considered more practical to use a sinking headframe and hoist 
for shaft sinking rather than the permanent headframe and hoist and 
the cost estimate is based on this condition. The headframe delivery 
time is 9 months. Neither of these items are required to be installed 
and operational until after the sinking is completed. The construction 
schedule indicates when these items should be ordered. 

It should be stressed that, the above delivery times are based on 
ist quarter 1976 supply conditions. They are by no means stable and as 
the project progresses the procurement position should be reviewed and 
updated. 
Costs 
Breakdown of Construction Costs | 

The cost for sinking the shaft alone would be $17,439,000. The total 
cost for the shaft together with the surface permanent facilities would be 
$23,422,000. These costs have been escalated allowing for a construction 
starting date of July 1978. The "Cost Estimate Breakdown" is presented by 
Figure 17 (Sheets 1 and 2). 
Explanatory Notes on Cost Breakdown 
(a) Labor 

The cost of contractor's labor over the period of the contract. 

The labor rates used in the estimate are those for the year July 

1978 to July 1979, as defined in Cementation's agreement with the 


International Union of Operating Engineers and Laborers International. 
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SITE PREPARATION 
(a) CONSTRUCT ROADS 
(b>) LEVEL GRADE & DRAIN SITE 


FREEZE HOLE DRILLING 


FIGURE 17 Sheetl of 2 | 


U.S.B.M. PICEANCE CREEK SHAFT STUDY COST ESTIMATE BREAKDOWN 


Quantity 


Unit Labor |Materials |Consumable| Internal] External Bubcontrac Power Total 
Materials |Equipment jEquipment Dollars 
Rental ; 


1200 Lda: 
12000 jCu.Yds 


(a) CONSTRUCT DRILLING PAD io. 

(bo) SET UP & DRILL FREEZE HOLES & OBSERVATION HOLES 46400 Ft. PR ,118,600 

FREEZING PREPARATIONS : 

(a) INSTALL FREEZE PLANT, RING MAIN & FREEZE HOOKUP be 220,800 0 100 770 

(b) CONSTRUCT FREEZE CELLAR ce 33,000 

FREEZING OPERATIONS Ne 268 , 600 162 ,000 132,000 | 132,500 

COMPLETION OF FREEZING 

(a) DEMOBILIZE FREEZE UNITS Go 29 ,200 300 

(b) ABANDON FREEZE HOLES Le feo 319,000 

MOBILIZE SURFACE PLANT & EQUIPMENT 

(a) SURFACE UTILITIES (PERMANENT) L.5, 154,200 

(b) INSTALL SINKING EQUIPMENT Toe 653,900 175,800 90,200 

CONSTRUCT SHAFT COLLAR 0' TO 70! 70 Ft. {389,400 41,400 103,000 38,600 

(a) SINK 70' to 1756! 1686 Ft. 1,061,300 397,100 22,000 41,023.13 
(bo) LINE 70' to 1756! 1686 Ft 454,,800]1,108, 500 161,000 39,400 11,090.45 
INSTALL SEALING RINGS 2 NO 64,600 13,100 15,600 5 5500 54,500.00 


56 


ORE STORAGE FACILITY (SURFACE) 
BUILD RETAINING DAMS 


INCLUDED IN ITEM Sa 


INSTALL FLEXIBLE MEMBRANE & NECESSARY DRAINAGE 180000 Sq.Ft. 27 
SINK 1756! to 2560! 804 Ft. | 759,600 1,477.48 
LINE 1756! to 2560! 804 Pius 325,600 395 ,200 BD 8 Bee | 
PROBE AHEAD 910 Ft. 50,700 
INSTALL WATER RINGS 4 NO 18,300 17,000 

(a) STATION EXCAVATION 472400 Cu. Ft.} 945,400 

(b) STATION STEEL 75 Tons | 96,100] 119,900 

(c) STATION CONCRETE 420 Cu. Yds] 120,200 30,500 

(ad) INSTALL PUMPS SWITCHGEAR, ETC. Le. 66,800} 205,900 


LOADING POCKET 
(a) EXCAVATION 


10000 Cu. Ft.| 32,000 


(b) STRUCTURAL STEEL 25 Tons | 32,000 40 ,000 
(c) MEASURING POCKETS, ETC. 50 Tons | 47,400] 145,300 
(d) CONCRETE 100 Cu. Yds} 42,000 7,300 
(¢) BRING INTO OPERATION L.5. 33,400 
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U. S. B. M. PICEANCE CREEK SHAFT STUDY COST ESTIMATE BREAKDOWN CONT. 
DESCRIPTION 


SEAL CONSTRUCTION JOINTS IN SHAFT LINING 


SHAFT EQUIPPING : 
(a) SHAFT STEEL & GUIDES 
(b) SHAFT PIPE 


DEMOBILIZE SINKING EQUIPMENT 


DESIGN, MANUFACTURE & INSTALL HOISTS, ROPES & CONVEYANCES 
(a) DOUBLE DRUM PRODUCTION HOIST 
(b) SINGLE DRUM SERVICE HOIST 


DESIGN MANUFACTURE & ERECT HEADFRAME 
INCLUDING ORE BINS, CLADDING, SERVICE CRANES, ETC. 


PERMANENT FACILITIES 

(a) HOISTHOUSE W/FOUNDATIONS 

(b) OFFICES/CHANGE ROOM 

(c) SHOPS /WAREHOUSE 

(d) ELECTRICAL SUBSTATION (SURFACE) 

(e) OTHER SURFACE PLANT 

(f) ORE REMOVAL SYSTEM 

(g) MISCELLANEOUS BUILDINGS/CONCRETE AREAS 


TOTALS 


FIGURE 17 | SHEET 2 of 2 aad 


» 


Internal] External |Subcontract 
Equi pment |Equi pment 
Rental 


Power Camp Total Unit 
Dollars 


Estimated{ Unit Labor Materials [Consumable 
Materials 


21,700 
27,200 
37,400 


10,500 
13,100 
18,100 


40, 300 
50,400 
69, 300 


rapa sel 818 78 , LOO 493,700 


516,000 | 877,930 


369 , 300 


125,000 


1,637,030 
369 , 300 


165,900 4,0 ,200 268,700 


1,777,000 
1,484,100 


1,777,000 
1484,100 


1,059,600 1,059,600 


iS 525,400 525,400 
tase 151,000 151,000 
Lee 135,200 135,200 
E83 237,600 237, 600 
bis 237, 600 237, 600 
LS; 330,000 330,000 
iy ee 45,100 15,100 


$6,802 ,800 $3,444,330 $2, 301 , 600 $ 651,600] $ 157,400 $8,923,400] $ 495,770 $645,100 
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(b) Materials and Consumable Materials 


The cost of items such as general consumable stores, drill steels” 
and bits, explosives and detonators, etc. Also included is the cost 
of contractor's equipment which is purposely made for, and completely 
written off against the project, together with shaft furnishing steel, 
pipes, cables, and concrete. 


(c) Internal Equipment Rental 


The rental charges for the contractor's construction plant. 

(ad) External Equipment Rental 
This item covers the rental of equipment not owned by the shaft 
sinking contractor. 

(e) Subcontract 
The cost of work subcontracted by the main contractor to specialist 
contractors. This will include, for example, freeze hole drilling, 
instrumentation, supply and installation of permanent facilities 
(hoists, headframes, etc.) 
All the costs involved in this section of the work, that is, labor, 
materials, plant rentals, etc., are included in the allowance. 

(f£) - Power 
The estimate of power costs is based on the H.P. utilization on the 
site at a cost of $0.018 per kw hour with a surcharge of 25% for demand. 


(g) Camp 


The cost of purchasing, setting up and running the camp facilities. 
Starting Date 
The costs are based on a July 1978 starting date. 
Escalation 
A cost escalation rate of 10% per annum has been assumed. The costs given 


have been escalated. 
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5. Contractor's Profit 


The costs include an allowance for the contractor's profit. 

6. Contingency 
In shaft construction, contingency allowances are best made on the 
basis of lost construction time. Thus those costs which are related 
to time contain a contingency allowance, i.e., labor, plant rentals, 
etc. 


A contingency provision is included in these costs. 
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APPENDIX I 
Information supplied to Cementation Company by USBM. 


Borehole logs by Birdwell as follows: 
Corehole U.S.B.M. O1-A. 

(a) Gamma - Ray Density 

(b) Gamma - Ray Neutron 

(c) 3 Dimensional Velocity Log 

(d) Caliper Log 

(e) Temperature Log 

(f) Electric Log 
Elastic Property Logs by Birdwell of coreholes U.S.B.M. Ol, O1-A and 
Q2-A. Core Index Records sheets for coreholes U.S.B.M. O1-A and U.S.B.M. 
O2-A. Descriptive Log of corehole U.S.B.M. Ol-A giving formation elevations, 
fractured, brecciated and incompetent zones (from core description) and 
water data from drilling operations. 
Preliminary results of Aquifer Tests Conducted. 
Physical properties, U.S.B.M./AEC Colorado, Corehole No. 3 (Bronco BR-1). 
Large scale (1:24000) map of relevant area of Rio Blanco County, Colorado 
showing extent of leases and private land. 
Aerial photograph of same area. 
Chemical analysis of ground water from coreholes U.S.B.M. Ol, U.S.B.M. O1-A, 


and U.S.B.M. O2=A. 
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U.S.B.M. Shaft Feasibility Study 
Assumed Strata Conditions at Shaft Site -— Appendix II 


The strata conditions are based on the report by Cementation Research Ltd. (Appen- 


dix III) and the logs from coreholes U.S.B. 


M. O1-A and U.S.B.M. 02-A. Depths are 


relative to proposed shaft collar elevation 6340 feet. 


Alluviun 


Depth os 


Length ~ 
Rock Type - 


Structural Characteristics - 


Hydrology - 


Remarks ~ 


Evacuation Creek Member - Uinta Formation 


Depth ~ 
Length = 
Rock Type Ms - 
Structural Characteristics - 
Hydrology ~ 
Remarks - 


from. 0 ft. 
to 20 fC, 


6 Uy oe 
Silts and clays 


was observed to stand in open cut to at 
least 15 feet 


dry 


the thickness of alluvium could vary from 
O ft. to 140 ft. within relatively short 
distances, depending on whether the loca- 
tion is on a crest or in a valley. 


from 20 ft. 
to See ft. 
S02 ft. 


fine grained silty sandstones 


contains fragment fractures and could present 
Support problems during shaft sinking. 


rock itself is not porous. Fractures will 
be water producing over the length of the 
member below the water table. Major flows 
likely to be encountered between 600 to 
1000 ft. (i.e., into the top of the Upper 
Zone). 


The hydrological information on this section 
is not sufficiently detailed to make fore- 
casts of likely water flows from specific 
areas within this aquifer. However, the 
information indicates that the flow into the 
Shaft from this formation together with the 
top of the Upper Zone could be up to 1400 


g.p.M. 
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Parachute Creek Member : 


Upper Zone - not including the Mahogany Zone. 


Depth =) B22, ft. 
to 999-ft. 
Length - 177 ft. 
Rock Type - Marlstone with some interbedded silstone 


Structural Characteristics 


Leached Zone 


Contains fractures but these are not of such 
a nature as to present support problems dur- 
ing shaft sinking. 


Hydrology - rock is not porous. Fractures will be water 
producing over the length of the member. 

Remarks - See remarks on Evacuation Creek Member. 

Mahogany Zone 

Depth - from 999 ft. 
to 1184 ft. 

Length - 185 ft. 

Rock Type - Marlstone 

Structural Characteristics - Competent. No support problems during shaft 
Sinking. 

Hydrology - Dry 

Remarks - None. 


Depth - from 1184 ft. 
to 1504 ft. 

Length - 320 ft. 

Rock Stype - Marlstone 


Structural Characteristics 


Fractured throughout. In this zone nahcolite 
has been leached by ground water and in some 
areas this has resulted in beds collapsing 
to give zones of 'rubble'. 


Special steps will need to be taken during 
shaft sinking to support the excavation. 


Hydrology ~- Highly water producing throughout its length 
from fractures, leached and collapsed zones. 
Remarks - Detailed hydrological data is not available. 


Leached Zone 


Remarks (Continued) 


Lower Zone 


Depth 


Length 
Rock Type 


Structural Characteristics 


Hydrology 


Remarks 
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However, the available information 
indicates that the total flow into 
the shaft could be up to 5,000 gpm. 


from 1504 ft. 
to 2414 ft. 


910 ft. 


Marlstone with zones of nahcolite. The 
mining levels are located in this zone. 


The base of the fracturing could extend 
up to 150 ft. into the zone, however, 
there was little evidence in core O1-A 
of extensive fracturing into this zone. 
It is assumed to be 50 ft. The zone to 
the base of the fracturing will require 
special support consideration during 
shaft sinking. 


The section below the base of the frac- 
turing is competent and will not present 
a problem during sinking. 


The 50 ft. section above the base of the 
fracturing will be highly water producing 
from fractures. The remainder will be 


dry. 


The data from C.H. 29 may allow a closer 
definition of the water producing proper- 
ties of this section. 


Attached is a section of the strata. 
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COLLAK EL. 6240 


SILTY SANDSTONE 
FRACTURED AND HEAVILY 
WATER BEARING BELOW 
WATE TABLE. INCOMPETENT. 


EVACUATION CREEK 


MAHOGANY ZONE 
MARLSTONE 


COMPETENT 


LEACHED ZONE 

MARLSTONE CONTAINING PARTLY 

LEACHED OUT NAHCOLITE - FRACTURED 
ZONES OF COLLAPSED BRECLIA— 
SOMETIMES RECEMENTED-INCOMPETENT GB: 
AND HEAVILY WATER BEARING THROUGHOUT = 


i 


ut 
S 
N 
V 
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_ PARACHUTE. CREEK 


SALINE ZONE 

MARLSTONE CONTAINING 

SAUNE BEDS ABOVE FRACTURE BASE 
AT APPROX 1650). INCOMPETENT AND 
WATER BEARING, 

BELOW FRACTURE BASE COMPETENT 
AND DRY 


_ LOWER ZONE _ 


ASSUMED SECTION OF STRATA ON SHAFT CENTERLINE 
SHOWING MAIN KOCK BEDS IN GREEN KIVEX FORMATION 


THE CEMENTATION COMPANY OF AMERICA INCORPORATED DRWN BY NH 
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APPENDIX III 


Analysis of Corehole Data and Discussion of Possible Ground Treatment 
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Summary 


This report is a detailed analysis of rock core, borehole log and 
water test data from two boreholes in the Piceance Creek Basin in North- 
west Colorado. It forms part of a shaft feasibility study being conduct- 
ed by the Cementation Company of. America for the United States Bureau of 
Mines, and in turn forms part of their (i.e. U.S.B.M.), oil shale research 
and development program. The proposed shaft (20 feet diameter and about 
2400 feet deep) is for the recovery of oil shale and associated sodium 
minerals from the thick Parachute Creek oil shale formation. 

The information used in our analysis comprises preliminary data 
supplied by U.S.B.M., and supplementary data obtained by us during a core 
examination in Laramie, Wyoming and a visit to the Piceance Creek site in 
January, 1976. 

To reach the ore deposits the shaft will have to pass through two 
major aquifers before entering competent rock at a depth of some 1500 feet. 
Apart from a 100 feet thick 'barrier' zone at about 950-1050 feet depth, the 
entire formation above 1500 feet must be regarded as potentially wet. We 
estimate a total water inflow to a 28 feet diameter excavation of between 
10,000 and 20,000 gallons /minute, with the main inflow zones 500-900 feet 
and 1050-1400 feet. The rock in these zones is generally weak and highly 
fractured and in the lower aquifer contains frequent collapsed "rubble" 
zones. 

To sink a 'dry' shaft ground treatment will be required from about 200 
feet to a depth of about 1500 feet. On the evidence available, and subject 
to a number of conditions, we believe that freezing is a more feasible means 
of ground treatment than grouting in the present instance. Grouting would 


necessarily be very extensive and somewhat unpredictable especially since 
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ground strengthening as well as water stopping will probably be required 
in certain zones. A far more detailed "picture" of the formation is 
needed to design such an exercise. In-situ freezing and/or grouting 


trials are recommended prior to shaft sinking. 
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Introduction 


As part of its oil shale research and development program the United 
States Bureau of Mines have awarded a prefeasibility study contract to the 
Cementation Company of America, Inc. This contract calls for preliminary 
layout, scheduling and costing for the construction of a single shaft, 
surface plant facilities, oil shale handling facilities and disposal, at 


a site in the Piceance Creek Basin, Colorado. The purpose of the study 


is to develop order of magnitude estimates of construction costs and 
operating funds required, and to determine the probable economic feasibility 
of the oil shale recovery project. 

In order to select the most appropriate ground treatment method nece- 
ssary to sink a 'dry' shaft, Cementation Research Ltd. were engaged by the 
Cementation Company of America to assist in the evaluation of rock and 
hydrological conditions. Some data from corehole O1-A was made available 
by U.S.B.M. in late December, 1975. This was supplemented by further infor- 
mation gained by Cementation personnel (S. H. E. Phillips and Dr. G. P. Daw) 
during an inspection of the O1-A core in Laramie and a visit to the Piceance 
Creek site, in mid January. During the site visit we witnessed coring of 
the latter stages of oa corehole O2-A, adjacent to O1-A and also in 
the vicinity of the proposed shaft. 

The purpose of this report is to present and correlate all of the 
collected rock and hydrological information relevant to shaft sinking, and 
to comment on possible ground treatment methods. 

General Details 

The Piceance Creek Basin is situated in Rio Blanco County in North- 
western Colorado, lying between the White River (which it serves) to the 
North, and the Colorado River to the South. The proposed shaft site is 


in Horse Draw Creek (Fig. 1) which is some 12 miles South of the White River. 
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The high grade oil shale deposits occur in the Parachute Creek member 
of the Green River Formation which also extends into north-east Utah and 
southern Wyoming. However, an estimated 75% of the total reserves lie in 
the Piceance Creek Basin. They are unique in that they contain the rare 
minerals nahcolite (NaHCO ) and dawsonite (NaAl(OH)»CO3) in amounts which are 
of potential economic value. 

In the Horse Draw Creek vicinity, the Parachute Creek Oil Shales extend 
from a depth of some 800 ft. to 2400 ft. They are overlain by about 700 ft. 
of sandy siltstones of the Uinta Formation (Evacuation Creek Member) and 
underlain by illite shales of the Garden Gulch member. The oil shales 
which are basically well cemented, low permeability, dolomitic marlstones 
are divided into three main zones. The lower (or saline) zone is composed 
of competent oil shale, rich in kerogen and containing the main concentra- 
tions of nahcolite. The middle (or leached) zone consists of fractured 
oil shale with high porosity. Originally comprising onieareariy witeeiie 
kerogen-rich to kerogen-lean marlstone with substantial amounts of salt it 
was subsequently fractured during periods of tectonic activity, particularly 
in regions of low oil content. Ground water found its way into the frac- 
tures and leached out the salts leaving a fractured porous oil shale, certain 
zones of which collapsed into rubble. It thus now provides a major aquifer 
for vast quantities of saline water. The Upper zone, some 300 to 600 feet 
thick is of higher grade oil shale and includes the particularly rich 
Mahogany zone in its lower half. The relatively high kerogen content of 
the Mahogany and Lower Zones is thought to be the reason that the fracturing 
and subsequent leaching did not extend far beyond the middle zone. 

The geological divisions of the strata, as found in noreneis O1-A, 


are indicated in the section contained in the overall log of Figure 2. 
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3. Rock Core Data 70 

Corehole O1-A was drilled and cased to a diameter of 13-3/8 inches 
through some 140 feet of alluvium to a depth of 180 feet. Below the cas- 
ing a 9-7/8 inch drill was used through the Uinta siltstones and into the 
Upper Oil Shales to a depth of 830 feet. Drill cuttings were retrieved and 
analyzed from this section. A 4 inch diameter core was then taken from $30 
feet to the base of the hole at 2610 feet. 

We were provided with the core index record sheet and a log of fractured, 
brecciated and incompetent zones by U.S.B.M. During the core inspection at 
Laramie on 2lst January, 1976, we were able to supplement this information 
from our own observations and also obtain the description of drill cuttings 
taken from the upper non-cored section of the hole. 

Corehole O2-A was cored from the top of the Uinta Formation and the core 
index record for this hole was obtained during a site visit on 22nd January. 
The two coreholes are spaced some 610 feet apart. 

All of the data retrieved from the two cores is presented in the overall 
core log in Figure 2. The condition of the cores is expressed in terms of both 
lost core (%) and a core index CI, the latter being defined by U.S.B.M. as: 


Core Index (CI) = (feet broken core) + (feet of lost core) ++ no. of joints 
length of drilled interval 


Core Index is expressed as a percentage, and is in effect similar to the 
reciprocal of our usually employed RQD i.e., 100% RQD is equivalent to zero CI 
and represents perfectly competent rock. 

The description of drill cuttings indicates that the Uinta Formation is 
almost entirely siltstone with a varying but minor sandstone content below a 
depth of 350 feet. Between 720 and 830 feet the siltstone merges with the upper 
zone of the oil shales. The core logs from 02-A indicate that the Uinta silt- 
stone formation is weak, highly fractured and incompetent. Some 27% of the 
total cored interval between 200 and 750 feet was not recovered. Between 450 


and 650 feet core losses as high as 50% were recorded with correspondingly high 
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values of Core Index. cal 

The Upper Oil Shale zone, including the Mahogany zone, is generally 
more competent, but still contains several fractured and collapsed zones. 
These are particularly severe around 900 feet, 960 feet and over the bot- 
tom 50 feet, i.e., 1000-1050 feet of the Mahogany zone. The picture is 
Somewhat different in this region between holes O1-A and O2-A indicating 
variable conditions even over the 600 feet distance between holes. 

The leached zone which extends from about 1050-1400 feet appears to 
be incompetent overall, with the worst zones around 1100 feet and between 
1300 and 1400 feet. The position in 02-A is even worse with considerably 
less core recovery and correspondingly higher values of core index, 
averaging 80% between 1200 and 1400 feet. 

The Lower (Saline) zone is very competent as illustrated by the high 
core recovery and low core indices. This zone is characterized by the 
presence of halite which occurs in two main areas, from 1400 to 1480 feet 
and 1630 to 1730 feet. The lost core and increase in CI in these enero 
is presumably due to dissolution of the halite by fresh ground or drilling 
water. Signs of such action were quite apparent on the core. Also, below 
about 1500 feet, there are considerable occurrences of Nahcolite both in 
layer and nodule fee 

Below the base of the Parachute Creek oil shales at 2320 feet, the core 
index and amount of lost core increase. The illite Shales are generally weak 
and difficult to core, tending to part and crumble. However, in-situ they 
would not be expected to prove a problem for shaft Sinking. 

Hence, on the evidence of the core inspection and the core logs, we anti- 
cipate encountering poor rock conditions between depths of about 200 and 1400 


feet, with the exception of a short section within the Mahogany Zone. 
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Borehole Logs 

A full suite of borehole geophysical logs were run in O1-A by the 
Birdwell Division of Seismograph Service Corporation. In Figure 2 we 
have included "smoothed" versions of these logs by plotting the data, 
generally, at intervals of 25 feet. Although this loses the fine 
structure of the original logs it allows us to see the general trends, 
which is quite sufficient for the present exercise. For a detailed study 
and correlation, reference should be made to the original logs. Since 
the diameter of the logging tools was 3-3/8 inches we would expect the 
borehole fluid to have considerable influence on some of the logs par- 
ticularly in the upper 800 feet of hole where the drilled diameter was 


greater than 10 inches. 


In this section we discuss each log individually: 

(i) Caliper This log reflects the state of the borehole wall i.e. 
it indicates increases and decreases in borehole diameter in relation to 
the drilled size. It shows up wide fractures and collapsed zones and is 
therefore useful for correlation with the core logs. It is also required 
for compensation purposes, to derive true rock properties such as density 
and porosity (see later sections), from the recorded logs. 

In the Uinta siltstone formation we note major borehole enlargement 
between 450 and 700 feet depth, corresponding to zones of high core loss 
and high core index on the 02-A core. Through the Upper, Mahogany and 
Leached Zones the average recorded diameter is probably between 9 and 10 
inches but there are fairly regular enlargements in excess of this, re- 
flecting the incompetent nature of the rock in this area. Since these 
increases are relatively narrow they do not all show up in our "smoothed" 
log in Figure 2. Below the base of the Leached Zone there is little 


borehole enlargement except in the regions of the halite zones where 
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presumably the presence of fresh water has reproduceiconsiderable erosion 
of the wall. The generally good state of the borehole below 1400 feet 
confirms the competent nature of the Lower Oil Shale Zone, as indicated 
by the core logs. The fact that the borehole is competent below 2300 
feet whereas core recovery was poor indicates the presence of weak part-— 
ings in the Garden Gulch Shales and confirms that this zone should not 
prove a problem in shaft sinking. 

(ii) Temperature The temperature log measures the temperature of 
the fluid in the borehole as a function of depth, and assuming the fluid 
has been undisturbed for some time before lowering the tool it should 
reflect the temperature of the surrounding formation. There will be a 
steady increase in Penceesiics with depth due to the geothermal gradient 
which averages 12 per 100 feet increase in depth. Small variations 
in this gradient will occur due to differences in the thermal conductivity 
of the various rock types. 

In this instance the log shows an overall increase from 90°F at 200 
feet to 12°F at 2500 feet i.e. an average increase of 23°F per 100 feet 
depth. 

In Figure 2 we have plotted out the change in temperature at intervals 
of 25 feet. Thus if the log reflected purely the geothermal gradient we 


would expect the curve to lie between +°F and +° 


F. The marked discrep- 
ancies from such a pattern probably reflects the varying rock characteris- 
tics and the presence of ground water. From 200 to about 900 feet the 
temperature remains fairly constant which could indicate the presence of 
a generally wet zone. Within the leached zone there are large positive 


and negative peaks which again probably indicate wet conditions. In the 


lower zone temperature variation peaks seem to coincide with the halite 
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zones but below 1800 feet a fairly steady 0.6°F per 25 feet is indicated. 
The faster than average increase in temperature in the Garden Gulch shales 
probably reflects the different thermal properties of the formation rather 
than the presence of water. 

(iii) SP (Spontaneous Potential) This is a recording of the poten- 
tial difference between a fixed surface electrode and a moveable electrode 
in the borehole. In shaley formations a fairly constant 'shale baseline! 
is obtained. Opposite permeable formations the curve shows excursions to 
left or right of baseline depending mainly on the salinity of the intersti- 
tial water. 

In this log we see a negative peak at the top of the Mahogany Zone 
(875 feet), which corresponds to poor rock conditions on the core logs and 
hence probably indicates the presence of ground water. Similarly large 
negative and positive peaks within the leached zone could indicate perme- 
able zones containing ground water of varying Salinity, as indicated during 
the drilling (see section 5.1). 

(iv) Resistivity Three resistivity logs were run simultaneously, 
namely the 16" normal, the 64" normal and the 18'8" lateral. Since they 
all indicate the same general trends we have only included one of then, 
the 64" normal in Figure 2. In the resistivity log, high resistivity zones 
generally indicate low permeability competent rock and/or the presence of 
hydrocarbon whereas low resistivity values indicate the presence of saline 
ground water. Difficulty is encountered when shales are present due to 
the large volume of bound water. 

Through the Evacuation Creek Bil istered the resistivity is fairly 
constant and low reflecting the probable presence of incompetent wet rock. 


The increases in resistivity within the Upper and Mahogany Zones can be 
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attributed to the more competent oil bearing low permeability rock. 

In the leached zone the resistivity again decreases, particularly in 

the lower half indicating the poor rock conditions and the presence of 
water. A relative increase through the lower oil shale zone is due to 

the competent nature of this formation and the presence of oil. The 
marked decrease in resistivity below 2320 feet indicates the base of the 
Parachute Creek oil shales and the top of the Garden Gulch shales. The low 
resistivity here may be due to bound water in these illite shales. 

(v) Natural X-ray The gamma ray log is a record of the natural 
radiation emanating from the formation, and its primary use is as a 
lithology log differentiating between high activity shales and low 
activity non-shales. 

In this instance we note increased counts at the base of the hole 
corresponding to the zone of illite shale. Over the upper 2300 feet of 
the hole we can see lower average counts over the oil bearing and mane 
competent lower, Mahogany and Upper Zones compared with the much less 
competent leached zone and siltstone formation. In fact the boundaries 
between the 5 main divisions in the borehole are quite well marked on this 
log. 

(vi) Density The gamma ray density log is unfortunately not com- 
pensated for emacn in borehole diameter and hence in some zones will 
not reflect the true rock bulk density. This should be particularly notice- 
able in areas of large borehole enlargement, as monitored on the caliper log, 
where the increased volume of borehole water will introduce a misleadingly low 
value for rock density. In order to obtain an overall qualitative view of 


this log it should be examined in close association with the caliper log. 
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We notice that the low 'apparent' densities from 1400 and 1750 


feet correspond to the halite and nahcolite zones where considerable 
dissolution of the borehole wall occurred. 

The illite shales at the base of the hole are undoubtedly more 
dense than the oil shales, where the presence of oil, and in the upper 
zones water, within the rock matrix will give lower values of bulk density. 

(vii) Neutron (Porosity) The same comments apply to this log as 
to the density log as this is also uncompensated. In general, the neutron 
log responds to the quantity of water and hydrocarbon present and is used 
as an indicator of rock porosity. 

Again the large count er in the region of the halite zones reflects 
the increases in borehole diameter rather than high rock porosity. Generally 
the neutron log is complimentary to the density log with zones of low density 
corresponding to zones of high neutron counts (high porosity). This is quite 
apparent in this instance although the true relevance of the Ermygee hae be 
established without including borehole compensation. 

(viii) 3D Velocity The basic log as recorded is not particularly 
useful other than to the experienced log analyst and then only in a quali- 
tative manner. However, when processed together with the caliper, density 
and neutron logs it provides very useful elastic modulus data as well as 
providing compensated density and porosity logs. 

Unfortunately this processed information was not available to us at 
the time of preparation of the report, and so we have not included the 3D 
velocity log in Figure 2. 

5. Hydrological Data 
The hydrological data made available to us comes from two sources, 


namely inflow data reported during the drilling of O1-A and pumping tests 
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fd 
conducted in 02-A. Neither set of data is adequate for a detailed 
design of ground treatment since only very coarse locations of water 
inflow can be determined. In addition only preliminary results from 
the pumping tests were available to us at the time of preparation of 
this report. 

(4) Water Data from Drilling Operation The water data recorded 
during the drilling of hole O1-A is reproduced in Table 1 and illustrated 
in Figure 2. The data indicates that below 1400 feet, i.e. the base of 
the leached zone, the formation is likely to be dry. Above 1400 feet 
water was encountered within the leached zone, and from a depth of 200 
feet down to the top of the Mahogany Zone. Although the data for this 
upper section is very scanty, observations elsewhere in the Piceance Creek 
Basin (and also as we shall see from the O2-A pumping tests) indicate the 
presence of two distinct aquifers separated by the Mahogany Zone. Although 
the most heavily water bearing section of the upper aquifer is likely to be 
the lower part we must, on the little evidence available, assume this aquifer 
extends throughout the Uinta formation to the top of the Mahogany Zone. 

Due to the unknown effect of the air pressure used during drilling on 
the hydrostatic head, it is not possible to obtain really precise quantita- 
tive estimates for the formation permeability and, hence, the expected 
inflow to the shaft. However, with a few assumptions we can obtain a range 
of values. 

Assuming the upper aquifer extends from 200 to 900 feet we can deduce 
a minimm average permeability for this zone of 3 X 10~” cm/sec (300 milli- 
darcies); when making reasonable allowances for the effect of the drilling 
air pressure we obtain a maximum average permeability for the zone of 2 X 
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The lower aquifer is more clearly defined and extends from 1050 
feet to 1400 feet. With the same sort of assumptions we estimate a 
minimum average permeability for this aquifer of 107% em/sec (100 
millidarcies) and a maximum permeability of some 4 X 10% cm/sec (400 
millidarcies). 

In the actual formation, localized zones of much higher and much 
lower permeability are likely to exist within each aquifer. 

The ground water table was observed at a depth of 115 feet and 
assuming hydrostatic pressures operate at depth, we estimate the likely 
inflow to an excavated shaft of 28 feet diameter to be in the range 
2000 to 14000 gallons per minute for the upper aquifer and 1200 to 5000 
gallons per minute for the lower aquifer. 

(ii) Pumping Test Data Two aquifer pumping tests were conducted 
during the drilling of hole 02-A. Observations of water levels in both 
O2-A and O1-A were made during the tests. The arrangement in each boa: 
hole for the two tests is indicated in Figure 3. A packer was set in 
the Mahogany Zone in O1-A prior to completion of this hole. A drill pipe 
passing through this packer made it possible to monitor the water level 
due to the lower aquifer. The water level in the annulus represented the 
position in the upper aquifer. 

In test No. 1, hole O2-A had been drilled to a depth of 980 feet, 
i.e. within the Mahogany Zone, and the hole was open between this depth 
and the bottom of the casing at 190 feet. A submersible pump was set at 
a depth of 215 feet, and the hole pumped at an average rate of 285 gallons 
per minute for 15 hours. U.S.B.M. report, on the basis of their preliminary 


analysis, a transmissivity for the upper aquifer of 2500 ft./day. Therefore, 
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assuming the aquifer extends for 700 feet, this is equivalent to a 
permeability of 3.6 feet/day or 1.4 X 1077 em/sec. In addition, U.S.B.M. 
state that the drawdown curve is typical of vertically fractured wells, 
indicating that 02-A may be in the fracture zone of a near vertical fault 
structure. The data indicated an even larger transmissivity for well O1-A, 
although no figures are supplied. Hence, anisotropic conditions are 
present at the site. 

No measurable change in water level occurred below the Mahogany Zone 
in O1-A during the test, indicating that the Mahogany does act as a hydrau- 
lic barrier between two aquifers. U.S.B.M. quote a vertical permeability 
of less than 15 millidarcies (1.5 X 107? em/sec) for the Mahogany Zone. 

A storage coefficient for the upper aquifer is estimated to be 3 X 107? 
and the aquifer is at least partially confined. 

For Test No. 2, well 02-A was cased to 844 feet and a concrete plug 
subsequently drilled, was set in the hole from thid level to a aeete of 
970 feet. The base of the hole was at 1450 feet, i.e. just into the lower 
oil shale zone. The same arrangement in hole O1-A, and location of pump, 
was used as in Test No. 1. In this test the well was only pumped for 15 
minutes at a rate of 174 gallons per minute. According to the report 
"representatives of the Reda Pump Company would not permit the discharge 
to be valved down enough to allow a longer test''. Consequently no water 
level change was observed in well O1-A. 

A transmissivity of not greater than 300 ft./day is given for the 
lower aquifer in the vicinity of 02-A. The fracturing which caused the 
relatively large transmissivity in the upper part of the section does not 
apparently persist below the mahogany. However, this may not be valid 


elsewhere. (In fact, mich larger transmissivities have been reported for 
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the leached zone in other parts of the Piceance Basin (Refs. 1 and 2). 
Assuming that the lower aquifer extends over a zone of some 350 feet, 
then its maximum average permeability in the vicinity of 02-A is about 
0.9 ft./day or 3.2 X 10°* cm/sec. 

Although it was not possible to compute a storage coefficient for 
the lower aquifer, due to the lack of response of water level in O1-A, 
the fact that the water level in the central tube in O1-A was at 125 feet 
below surface indicates an artesian condition in the lower aquifer. 

Therefore, assuming that hydrostatic heads with ground water levels 
at 115 feet and 126 feet depth act on the upper and lower aquifers respect- 
ively, we can estimate likely inflows to a 28 ft. diameter excavated shaft 
using the permeabilities derived above. For the upper aquifer this gives 
an inflow of some 9500 gallons per minute in the vicinity of 02-A, but 
would give more near O1l-A, due to the larger permeability. For the lower 
aquifer, we estimate an inflow of some 3500 gallons per minute. 

(iii) Summary Although this form of water test data is not ideal for 
shaft sinking design studies, it does give some indication of the likely 
problems, and in this instance gives reasonable consistency between two 
different sources of data. 

The itaded of two distinct aquifers is proven, one confined to the 
350 feet of leached zone, the other extending over the entire section above 
a depth of 900 feet. However, in the latter case we can assume by observa- 
tions of core logs, borehole logs and these water tests that the major 
problem will exist between 500 and 900 feet depth. 

In terms of expected water inflow to the excavated shaft we see that the 
values derived from the more precise pumping tests fall within the limits of 
inflows estimated from the drilling data. In overall terms we would there- 


fore expect a total inflow to a 28 foot diameter excavated shaft to be of the 
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order of 10,000 to 20,000 gallons per minute. 


Comments on Possible Ground Treatment 


The evidence available to date, and described in this report, 
indicates that conventional large diameter shaft sinking to depths in 
excess of 2,000 feet, in the Horse Draw Creek region of Piceance Creek, 
will be difficult due both to very poor rock conditions and the large 
quantities of ground water likely to be encountered. It would seem 
essential that some form of ground treatment be applied from ground sur- 
face to a depth of at least 1400 feet, i.e. to below the base of the 
leached zone. Below this depth the lower oil shales appear to be very 
competent and dry, and should stand well in excavation (3, 4, 5). 

Due to the depth of operation and quantity of water involved, pump- 
ing methods cannot be envisaged particularly with the added problem of 
disposal of large volumes of saline water in this locality (6). The only 
possible means of ground treatment would seem to be freezing or grouting, 
or possibly a combination of the two. We shall now consider points for 
and against each method for this situation. 

(i) Freezing In ground of such generally poor nature, freezing 
might seem in the first instance to be the most feasible means of treat- 
ment. However, a number of factors must be considered. 

Firstly, the ground water flow rate. It is generally considered (7) 
that a ground water flow rate of some 3-5 ft/day is the maximum that can 
be tolerated for a successful freeze operation. In this instance we do not 
have information on hydraulic gradients, and the values of permeability are 
only very general in nature. 

More knowledge of the hydraulic gradients in the vicinity of the pro- 


posed shaft and a mich finer permeability log of the formation is really 
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required before we can be certain on whether ground water flow rate is 
likely to be a problem. 

Secondly, ground water composition and temperature will have an effect 
on the economics of the freezing operation. The presence of salts in the 
ground water can involve lowering of the required freeze point involving 
a more extensive and expensive freeze operation. Similarly, the presence 
of high ground water temperatures would have the same effect. Although 
at present we do not have a ground water analysis from this site, published 
fare for samples from the leached zone elsewhere in the Piceance (2, 6) 
indicate that the levels of salts, particularly sodium bicarbonate is not 
sufficient to depress the freezing point by more than a few degrees, and 
hence should not prove a problem to conventional brine freezing. However, 
the presence of extensive halite zones in this particular vicinity might 
give a different picture. The temperature log for O1l-A indicates a forma- 
tion temperature of some 110°F at a depth of 1500 feet. Such a temperature 
would probably only cause problems in the time necessary to freeze the 
formation and possibly the choice of coolant. Note: Ina freezing opera- 
tion at PCA No. 2 shaft in Saskatchewan, it took 95 days for brine tempera- 
ture to etree ren maximum formation temperature was only some 70°F (8). 

The third factor of concern is the nature of the rock itself. The 
problem here Peast yee around the presence of oil products in the rock 
matrix and the possible difficulty in freezing such ground. In the kerogen 
rich parts of the formation, oil yields of up to 50 gallons/ton are predic- 
ted, which is equivalent to some 25% by volume. In the worst sections of 
the leached zone, oil yields are much less, and since the rock is highly 
broken and water bearing, the presence of small levels of kerogen bound 


into the marlstone matrix should not cause any problems. In the richer 
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oil zones of the Mahogany and Upper Zones, where the water content is 

low, the effect of the freezing is less certain due to the possible creep 
properties of a frozen oil shale wall. Further study of the mechanical 

and thermal properties of oil shales (5, 9) are really required before 

the behavior of the wall could be predicted. Even then, only experts 

such as Foraky could give a professionally reliable opinion on the security 
of the. ground after freezing, and it is unlikely that they have any exper- 
ience in freezing oil shales. 

(ii) Grouting Undoubtedly a very extensive grouting program will 
be required to render the entire shaft watertight, as will presumably be 
necessary if retrieval of the sodium salts is required in addition to the 
oil shale. On the evidence we have to date we camot be certain that any 
zones above 1500 feet will not require grouting. We can, however, expect 
mich of the Mahogany Zone to be relatively dry. 

The major problems are undoubtedly the leached zone and the lower part 
of the upper aquifer where the hydrostatic pressures are high. In the worst 
'rubble! zones within these areas it is questionable whether the grouted rock 
would be competent mechanically. In addition the highly porous zones may 
make it difficult to contain the grout within the required 'curtain' area, 
without the injection of indeterminate quantities of grout. 

It is possible that a precementation program carried out from the sur- 
face, particularly into the leached zone, might Seat endasnerality the over- 
all water problem encountered when grouting ahead of the shaft. However, the 
problem of containing the grout would be even more severe in such a process 


and again indeterminately large quantities of grout might be necessary. 
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Without a more detailed 'permeability-picture' of the upper 1400 
feet of the formation it is impossible to estimate the full extent of 
grouting operation that might be required. 

A comparatively minor but relevant point concerns the level of salts 
present in the ground water. Special consideration should be made of this 
in formulating the cement and chemical grouts that would be required. 
Conclusions 

The analysis of three separate forms of data, namely core logs, bore- 
hole logs and water tests gives good correlation and confirms the generally 
reported nature of the formation, and the likely problems for retrieval of 
the oil shale and salt deposits. 

The main hazards facing shaft sinking are two major aquifer zones 
which are only separated by some 100 feet of the kerogen-rich Mahogany zones: 

(i) An upper aquifer zone comprising mainly poor consolidated weak and 
fractured siltstone merging with fractured Upper Oil Shales over its lower 
section. The aquifer extend from 200 feet to 900 feet but we can consider 
the zone from 500-900 feet as being particularly severe with conditions worsen- 
ing towards the base due to the greater hydrostatic pressure. 

(ii) <A lower aquifer zone comprising the total length of the Leached 
Oil Shale Zone and extending from 1050-1400 feet. It is highly fractured 
and contains frequent collapsed brecciated zones. 

The average permeability of the upper aquifer is about 1077 em/sec in 
this vicinity and that of the lower aquifer, about 3 X 107” cm/sec. How- 
ever conditions appear to vary considerably over quite small distances, since 
other data (2) indicates the Leached Zone to be far more permeable than the 
Upper Zone in other parts of the Piceance Basin. The presence of fracturing 


near to a fault structure, as apparently detected in the 02-A Water Tests 
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85 
will contribute to these local variations in permeability. On the basis 
of the permeabilities quoted above we anticipate water inflows to a 28 
feet diameter excavated shaft to be around 10,000 gallons per minute and 
3500 gallons per minute for the upper and lower aquifers, respectively. 

Below 1400 feet the lower oil shales appear to be very competent and 
should not provide undue problems for shaft sinking. Fresh ground water 
in upper and 1o0tr aquifers must be kept away from the salt zones which 
exist almost from the top of the lower oil shale. 

To produce a 'dry' shaft during sinking some form of ground treat- 
ment will be required over the interval 200 to 1500 feet depth. Of the 
two processes available i.e. grouting and freezing, we feel, on the evi- 
dence available at this time, and subject to certain conditions described 
in the previous section, that freezing is likely to be the more technically 
feasible means of ground treatment. Although the water inflow rates are 
very high they are not too dissimilar to the conditions met in the Nisku 
formation in Saskatchewan, which was treated successfully by freezing, 
although ground temperatures appear to be greater here. Assuming the ground 
water flow rates are not too high we would suggest that the simplest procedure 
would involve a complete freezing of the formation from the surface down to 
the competent lower oil shales i.e. to a depth of about 1500 feet. 

While not ruling out the possibility of sinking the shaft purely by 
grouting we do not feel that a sufficiently detailed 'picture!' of the forma- 
tion is available to allow such an extensive program of grouting to be 
designed, especially since considerable ground strengthening as well as 
'water-stopping' will probably be necessary in some zones. 

Since neither process, to our knowledge, has been employed on any scale 
in this formation before, we would recommend that some form of in-situ freez- 


ing or grouting trial be attempted prior to a full scale shaft sinking program. 
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TABLE 1 - WATER DATA AS REPORTED DURING DRILLING OPERATIONS (01-A) 


A. First water encountered at 200 feet. After drilling to 471 feet 
water was entering the well bore at 55-60 gallons per minute. 

B. While coring a 7-7/8 inch hole at 915 feet water was reported at 
the rate of 1000 gallons per minute. Fresh water. 

C. At 1025 feet water was 1000 gallons per minute, conductivity 1300. 

D. At 1100 feet, water 1000-1100 gallons per minute, fresh. 

E. At 1200 feet, water 1375 gallons per minute, conductivity 1350. 

F. At 1365 feet, water 1400 gallons per minute, fresh. 

G. At 1400 feet, water 1625 gallons per minute, air pressure 450, 
conductivity 1800. 

H. At 1500 feet, water 1625 gallons per minute. 

I. Water remained at 1625 gallons per minute throughout remainder of 
drilling. Conductivity varied from low of 1600 to a high of 2400 
during this period. Variation probably due to solution of saline 


minerals as salt and nahcolite zones were cored. 
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ADDENDUM 
Elastic Properties Log 

Elastic properties logs have been received for coreholes 1, Ol, 

O1l-A and O2-A. In the case of 02-A, only the Section 300 to 1430 feet is 
covered. Since our previous analysis was based only on logs from Ol-A, 
we shall only consider the additonal information from this hole. 

The data employed on the elastic properties log is computed from 
the recorded 3D velocity and density logs. Information provided is shear 
and compressional wave velocities, elastic moduli (Shear, Bulk and Youngs), 
bulk density, computed porosity and Poisson's Ratio. In the accompanying 
log we have included this information on a scale identical to that in 
Figure 2 of the main report. Only the Youngs Modulus is included since 
the other two moduli follow the same trends. 

In this case, the data does not appear to be compensated for bore- 
hole enlargement and hence the moduli, density and porosity figures have 
to be interpreted carefully. 

The bulk density and porosity logs correlate very well with high 
porosity zones Sarepeliy eorresocudiae to low density zones. The poor 
conditions of the siltstones below about 500 feet depth is clearly 
indicated by decreasing density and increased porosity. The high porosities 
in the Mahogany and lower zones are somewhat misleading since they will 
include the hydrocarbon content, which in some of the richest oil shale zones 
is more than 25%. Also, as we saw on the other logs, dissolution in the two 
halite zones produces anomalies on the logs. 

The values of Youngs Modulus in the more competent siltstone zones 
LM s x 10° psi are fairly typical for this rock type. The lower values 


within the oil shales reveal their more "elastic" nature due to the high 
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oil contents. This is also apparent by the high levels of Poisson's 
Ratio. The abnormally high values for Poisson's Ratio in the lower 
siltstones are related to the low shear wave velocities which lead to 
the low values for the elastic moduli in these incompetent rock zones. 
Groundwater Analysis 

We received analyses of 7 water samples, 2 taken from corehole O1-A 
and 5 from hole O1, which according to the grid references is some 170 
feet from 02-A. We have no details of how the samples were collected or 
of the size of sample. The samples are defined by a depth range which 
in all cases is between about 160 feet (bottom of casing) and a partic- 
ular depth. Presumably samples were recovered during drilling of the 
holes. 

The full analyses are very detailed. In the accompanying table we 
have abstracted the concentration of the major salts detected in the tests. 
In O1-A the first test covered the interval 188 to 1313 feet, which includes 
most of the leached zone, whereas the second test covered the total hole 
length. The large increase in sodium chloride and sodium bicarbonate 
concentration in the second test reflects the presence of halite and 
nahcolite zones in the lower oil shale formation. A similar pattern is 
observed in hole O01 although in this case the hole was not taken much 
below the base of the leached zone. It is possible therefore that the 
large increase in bicarbonate concentration is from the bottom 100 feet 
or so of leached zone. 

The overall level of salt concentration is low compared to those 
reported by Weichman (1) for a sample from the leached zone in Superior 


Core Hole 14. In that instance the total dissolved solids was 74000 ppm 
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i.e. 7.4% w/v. Weichman also states that in parts of the Piceance Basin 


Salinity of the water exceeds 100,000 ppm. 

In this case the maximum concentrations are 0.41% w/v sodium chloride 
and 0.62% w/v sodium bicarbonate. Such levels will not cause a significant 
depression of freezing point in a ground freezing operation. In the case 
of grouting some laboratory test work would be essential to obtain the 


correct grout formulations compatible with this ground water. 


Reference 


(1) B. E. WEICHMAN Some effects of the Rio Blanco Project 

Nuclear Detonation on the Leached Zone 
in the Parachute Creek Member of the 
Green River Formation. 


Rocky Mountain Association of Geologists 
1974 Guidebook, p. 205. 
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TABLE 2 CHEMICAL ANALYSIS OF WATER FROM BOREHOLES O1-A and Ol. 
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Note: Salt concentrations are in milligrams/litre i.e. ppm. 


36 


97 


U.S.B.M. Piceance Creek Shaft Study - Phase II 


Appendix IV 


Employee Classifications 


This appendix shows the employee classifications and schedule of wage rates used 


in estimating the construction costs and the maximum numbers’ employed in each 


classification. 


Engineers 
Clerical 


Supervision 


Trades 


Operators 


Miners 


Laborers 


Project Manager 
Project Engineer 
Shaft Engineer 


Accountant 
Clerk 
Warehouse Attendant 


Superintendent 

Walker 

Mechanical Superintendent” 
Lead Miner 


Mechanic 

Lead Mechanic 
Electrician 
Carpenter 


Mucking Unit Operator 
Hoistmen 

Front-end Loader Operator 
Batch Plant Operator 


Miners 
Raise Miners 


Toplander 
Powderman 

Laborer 

Dryhouse Attendant 


Schedule of Wage Rates for July 1978 to July 1979 


U.S.B.M. Piceance Creek Shaft Feasibility Study 


Job Classification 
Shift Boss 

Miner 

Toplander 

Carpenter 

Powderman 

Laborer (Surface) 
Truck Driver 
Electrical Repairman 
Mechanic 

Hoistman 

Mucker Operator 
Front-end Loader Operator 


Batch Plant Operator 


Rate ($ per Hour) 


9.69 
9.10 
9.69 
eyed 
8.78 
8.78 
10.40 
10.40 
10.40 
10.40 
10.40 


10.40 
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Appendix V 
Camp Costs 


The costs are based on a construction-type camp facility being provided in an 
area which will give ready access to the construction sites. Trailer-type 
accommodation and messing facilities would be provided. However, it was not 
intended, and no provision was made, to accommodate families. 

In estimating the size of the camp it was assumed that thirty-five persons from 
the labor force during construction would not need camp accommodation. These 
people would either be local to the area, or, if from the outside, would rent 
accommodations or take up lodgings in some of the local villages. 

The three main component parts of the total camp costs as given in the summary 


of estimates are:- 


Capital cost of trailers, furnishings and installation 


costs. (These costs written off in total.) $ 250,000 
Cost of kitchen, cleaning and administrative staff $ 185,000 
Cost of food subsidy at rate of $49.00/week/man $ 210,000 


$ 645,000 
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